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Anyone born later than 1960 who wants to find out about 
astronomy now encounters a subject that has just come 
through twenty shattering years of high-speed discovery 
and research. The information explosion in science today 
has no parallel in recorded history, and advances in 
astronomy have been especially exciting. Great radio 
telescopes are scanning the depths of the Universe. 
Cameras sent hundreds of millions of miles out through 
the solar system have photographed the surfaces of 
remote planets. 

For the inquiring young person there is no first-step 
introduction to the ‘‘new"’ astronomy written with the 
authority commanded by authors at Cambridge 
University’s Institute of Astronomy. Nor has any book yet 
succeeded in presenting so lucidly, with the latest space 
photographs and specially drawn diagrams, the 
fundamental physical and mathematical ideas that need to 
be grasped by the beginner in astronomy. 

The truth is frequently even more interesting than the 
fantasy worlds of science fiction. Mars has no Martians, 
but it isa dynamic world, sculptured by water, wind and 
volcanoes, wrinkled with dried-up canyons and river 
beds, dominated by vast dead volcanoes, and in the grip 
ofa great ice age. Jupiter's Great Red Spot is a fearsome 
tornado that will last for thousands of years. Saturn hasa 
magnificent ring system — but Uranus has five necklaces 
of rings. The far Universe is full of activity, containing 
objects called quasars, radio galaxies, exploding 
galaxies and X-ray emitters. Astronomers have 
discovered in the last few years where stars are born and 
how they die. In the stellar graveyards we find other 
exotic denizens of the Milky Way: the pulsars, neutron 
stars and black holes. 

How did the Universe begin? Theorists have 
researched the structure of space and time itself. 
Observers have seen the background radiation of the 
Universe, a fossil from an early, extremely hot Universe. 
Now the story can be pieced together to show that 13 
billion years ago the Universe consisted ofa tiny ball of 
fire containing all the matter and energy of the modern 
Universe. 

In addition to straight information, the text has 
suggestions for simple observations and project work 
to increase the young reader’s involvement witha 
fascinating subject. 
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Mitton, Jacqueline 
Concise book of astronomy 


SUMMARY: Presents an introduction to astronomy and 
the universe. Includes suggestions for simple observations 
and projects such as observing bright stars and 
making a shadow clock 
|. Astronomy —Juvenile literature. {[1. Astronomy 
Universe] |. Mitton, Simon, 1946-— joint 
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The World of Astronomy 


On a clear night the dark sky glitters with the sparkling 
stars and the silvery haze of the Milky Way. All through 
history, books and poems, paintings and people's 
religious beliefs have been inspired by the Sun, Moon and 
stars. What is a star? Where are they? How large is the 
Universe? Where did the Sun and Earth come from? These 
are some of the questions that have fascinated people for 
thousands of years. Astronomy is the science that tries to 
answer these questions. 

We only know about the vastness of our Universe 
because we can see It! If we had the misfortune to live ona 
planet where the skies are perpetually cloudy, such as 
Venus, we would never see even the Sun, let alone the 
other planets and stars. Our Earth is 150 million kilometers 
from the Sun. Further out there are the giant planets 
Jupiter and Saturn, nearer in the dwarf worlds of Venus 
and Mercury. The Sun and its retinue formed from a 
cloud of gas about five thousand million years ago. In a 
further five thousand million years the Sun will swell up 
and engulf its family of planets. 

Our Sun happens to be a very ordinary star. By studying 
the Sun, astronomers have learned how stars work. Since 
the next nearest star is over forty milion million kilometers 
distant, the Sun gives us a unique opportunity to get a 
closeup view ofa star. 

The Sun is just one tiny speck in a vast starry family 
named the Milky Way, or the Galaxy. It contains about one 
hundred thousand million stars of various types, sprawled 
across a hundred thousand light years of space. (A light 
year is ten million million kilometers, the distance light 
travels ina year.) The Galaxy is a giant whirlpool of stars 
that has existed for twelve thousand million years. It was 
already very ancient before our Sun even came into being. 


Giant leaps take us beyond the limits of the Milky Way 
to neighboring galaxies. Now every step we take must 
be measured in millions of light years. Two million light 
years bring us to another huge galaxy, the Andromeda 
nebula; ten milion bring two dozen large galaxies into 
view. At fifty million hght years we reacha whole cluster of 
galaxies milling around as one family. Beyond, countless 
bilhons of other galaxies stretch out of sight to the far 
boundary of the cosmos. 

From our tiny planet, orbiting an ordinary star, we view 
this unimaginably vast Universe of stars and galaxies. 
The astronomer's task 1s to understand the nature of the 
Universe and the things in it. We have written this book as 
a basic guide to astronomy. It is intended for everyone 
who wants to know what astronomers do and what we 
have already discovered about the planets, stars and 
galaxies. 

In this book we have used the metric system of units, 
as used by all scientists in their everyday work. For those 
unfamiliar with this system a few conversions may help: 
one kilometer is a little less than two-thirds of a mile and 
slightly over 1100 yards. In kilometers the distance from 
the Earth to the Sun is 150 million, whereas in miles it is 
93 million. The metric tonne is almost identical to the 
imperial ton. For temperature measurement we use the 
Centigrade unit: 10,000°F is about 5300°C; the surface 
temperature of the Sun is 1] ,200°F or 6000°C. In the case of 
telescope sizes we have given the imperial size in brack 
ets since many of the older instruments are still generally 
referred to by a name that includes an imperial unit. Thus 
the 5-meter reflector at the Mount Palomar Observatory 
is often called by its original name: ‘'The 200-inch"' tele 
scope. 
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Day and Night 


Everyday the Sun rises over the eastern horizon. It climbs 
higher in the sky, following a curved path. In the evening 
it sets in the west and nightfall soon follows. Man, animals 
and plants are influenced by the daily cycle. Some animals 
rest by day and seek their food at night. Others, like 
people, do the opposite. The flowers of many plants open 
in daylight and close at night. But what causes ‘‘day’’ and 
ogi ele 

In ancient times, people thought that the Sun itself 
actually travelled across the heavens. The Egyptians, for 
example, had their sun-god, Ra, who daily rode a fiery 
chariot across the skies. Today we realize that 1t is not the 
sun that moves, but the Earth. Our planet is like a spinning 
ball, turning from west to east. Once-per-day rotation 
makes the Sun appear to move across our sky. When we 
are on the side of the Earth facing the Sun we have day. 
At the same time it 1s night on the half of the Earth facing 
away from the Sun. 

The Sun's progress across the heavens by day was one 
of the earliest methods used for marking time. The 
Romans divided the daylight into eight portions called 
hours. In winter the hours were short and in summer they 
were long. A simple way of reading time from the Sun 
is to use a sundial. A shadow-stick, called a gnomon, 
marks out the hours by the position where its shadow lies. 
The shadow slowly moves all the time as the Sun follows 
its course through the sky. Before cheap clocks were in- 
vented, most people had to rely on the Sun for keeping 
time. 

Today it is much easier to use a watch or clock, of 
course. Our day is divided into 24 equal hours. Accurate 
clocks in special laboratories give an exact reading 
of the time, precise to millionths of asecond. But who keeps 

k on the master clocks? Astronomers do this by 
; the positions of the Sun and stars. If all the 
; stopped at once, astronomers could reset 
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One halfofthe Earth is in sunlight 
while the other halfis 1n darkness. As 
the Earth spins round, each place 
experiences day and night 





fusion! The time taken directly from the Sun is called local 
ttme, whereas the tlme agreed for a whole country or 
area is termed civil time. 

Civil time 1s usually chosen to be close to the local time 
for most of the country. Large countries, such as the 
United States, need several time zones. The entire surface 
of the Earth is divided into time zones. Each zone is 
roughly 15 of longitude, but the boundaries are not 
straight. Instead, they follow the borders between coun- 
tries or states. When you travel across a country or state 
border, you may have to reset the time on your watch. 
Supersonic airliners can travel faster than the speed of the 
Earth's rotation. This gives travellers going west the 
strange sensation of arriving at their destination ‘‘before’' 
they started their journey! 

sometimes the governments of countries decide to 
change the civil time by one or even two hours. When 
this happens, civil time is no longer close to local time. 
The time change is done to make better use of daylight 
so that artificial lights are needed less. Everyone is 
persuaded to get up an hour earlier because they are 
made to alter their clocks! 
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With a simple sundial you can read the 
local Sun-ume correct toabout 15 
minutes. This fine dial is in the Great 
Courtof Trinity College, Cambridge. 


This map shows all the time zones 
throughout the world. Zones 

differing from an adjacent zone by less 
than one hour are indicated In yellow. 
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As the Sun sets on a clear day, pin-points of starlight 
gradually become visible in the darkening sky. The day- 
time sky has Stars in it too, but it is impossible to see them 
because of the Sun's great brilliance. As the Earth's rota- 
tlon carries us into darkness, the nightly parade of stars 
begins. Just as the Sun rises in the east and Sets 1n the west, 
each star seems to rise.and set as the Earth spins round. 
While some stars sink out of view below the western 
horizon, new ones are rising in the east. By dawn, the 
Starry sky has changed considerably from its appearance 
at dusk. 

For people living north of the equator, one star hardly 
moves in the sky: the North Star, or Polaris. This star has, 
by chance, a rather special position in the sky, for it 1s al- 
most directly over the Earth's north pole. Imagine the 
Earth's rotation axils pointing out into space towards the 
north pole of the sky. The star Polaris is very close to the 
north pole of the sky. There is also a south pole of the sky 
in the exact opposite direction in space. Only people who 
live south of the equator can see it. No bright star lies close 
to the south pole of the sky. 








The Nightly Parade of the 


Some stars close to the pole never rise and set but are 
always above the horizon. These are called circumpolar 
stars. As the Earth turns on its axis, the stars trace circle 
through the sky, around the poles. An interesting way t 
show the paths the stars sweep out during the night is tc 
take a time exposure photograph. A camera is set point 
ing at the sky with the shutter open. The photograph shows 
the circular paths of the stars. 

The number of circumpolar stars visible from any par 
ticular place depends on its latitude on the Earth. Since the 
North Star is almost over the Earth's north pole, an ok 
server there sees it right overhead. All the other stars 
seem to move in circles around the North Star, so none of 
them ever rises or sets! To an observer on the equator, the 
North Star is just on his northern horizon. For him no Stars 
are circumpolar. All stars rise and set. If our observe 
travels north, the North Star will look higher and higher in 
the sky the further he goes. 

Just as the Sun’s position can be used to tell the time by 
day, the stars make a night-time clock. The famous graqur 


of stars called the Plough or the Big Dipper 1s 


ae eke 
——  f 


|e 





Stars 


for people in Europe and the United States. Two of its 
Stars form a line that points to the North Star. This line of 
stars is hke the hour hand of a gigantic 24-hour clock in the 
sky. During the course of a day, the Big Dipper makes a 
whole circle around the north pole of the sky. 





A time exposure photograph shows the circles swept out 
onthe sky as Earth spins beneath the stars. This is the 
southern sky seen from Australla. 











ae tat re } 
Paes eel WUC TUE Suh Daa fan Pus fad, 1 1) i fit ti | 


I Wp TANS (bet? st be pba NET Lf (| er ph te - = 








fu) 


fal 


The Eartns 





Yearly Journey 


The planet Earth is a member of the solar system. It is just 
one ina family of nine major planets circling the Sun. Each 
year the Earth travels one complete circuit of its orbit 
around the Sun. The Earth and everything on it 1s speeding 
along at 100,000 kilometers per hour on the roundtrip. We 
do not feel any sensation of the high-speed motion because 
we keep moving smoothly without any jerks. 

What keeps the Earth on its path round the Sun? 
Although the Sun is 150,000,000 kilometers away from the 
Earth, there is a strong gravitational pull between the two 
bodies. The force of gravity attracts the Earth towards the 
Sun. However, because the Earth is moving, it does not fall 
in towards the Sun. Instead it circles round the 5un. The 
Earth's orbit is very nearly a circle, but not quite. It is 





slightly elongated and the Sun is nearer to one side of 
Earth's orbit. The Earth is 5,000,000 kilometers nearer to 
the Sun in January, when we get closest, than it is in July, at 
the farthest point from the Sun. The difference in distance 
causes only a very slight change in the warmth of the Sun's 
rays and is much smaller than the familiar seasonal 
changes. 

How can we tell when a year has gone by? The most 1m- 
portant changes during the year for the plants and crea- 


The Earth is held in its path round the 
Sun by the force of gravity. The spin 
axis 1s tilted atabout 67 to the orbit. 
This tlt causes the seasonal changes 








tures living on the Earth are the changes of weather that 
come with the seasons. People, particularly, need to keep 
track of the seasons so that crops can be planted at the 
right times. Plants and animals have adapted their be- 
havior to fit in with the seasons. Some animals hibernate 
during the cold winter. Most plants grow when there 1s 
plenty of warm sunlight and remain dormant in winter. 

For astronomers, there is another important change 
during the course of the year. The stars visible at night are 
different from season to season. Each night, the stars rise 
above the horizon four minutes earlier than they did the 
previous night. After an interval of fifteen days, the stars 
are rising and setting a whole hour earlier. Over the space 
of six months, the stars’ rising times change by !2 hours. 
Consequently, the night sky of winter looks completely 
different from the pattern of stars visible in summer. 

Here is an easy way to understand how the seasonal 
changes in the night sky happen. Think of the Earth ata 
certain place in its orbit, in December, for example. In 
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The Earth takes a year to complete one 
circuit ofits orbit round the Sun. At 
different times of the year the night- 
time side of Earth looks out at the stars 
in different directions In space. From 
left to right, the constellations are 
Aries, Pisces, Aquarius, Capricornus, 
Sagittarius, Scorpius, Libra. 


night-time side of the Earth faces a particular alr 
space, so the stars in that part of space are visible at night 


After six months have passed, the Earth nas trave P 
the opposite side of the Sun. The stars that cout l 
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The Seasons and 


the Calendar 


As summer changes to autumn and winter, the days get 
shorter and the nights longer. Each day the Sun climbs a 
little less high in the sky. With the onset of winter in the 
northern hemisphere, it rises and sets further south. These 
changes occur because the Earth's rotation axis is tilted 
at an angle to its orbit around the sun. If the Earth's axis 
were at right angles to its orbit, there would be no seasons. 
In fact, it is slanted by 23'/%, and so we get the seasonal 
changes. 

When summer comes to the northern half of the Earth, 
the north pole tilts towards tne Sun. The Sun gets overhead 
at more northerly latitudes each day until June 21, mid- 

ummer's day. On this day, which is properly called the 


summer solstice, the Sun just gets overhead at the Tropic 
of Cancer, latitude 23!/, N. The summer solstice is the 
ngest da 


Places inside thesAm@tiesCircle (latrttudes 661/,° to 90") 
experience some days when the Sun never sets! These 
ire tilted over to face the Sun even at midnight. 

sis h intries in the far north became called ‘‘the 
Land of the Midnight Sun’. The northernmost city of the 
United States, Fairbanks in Alaska, lies just south of the 
Arctic Circle. In the summer it is hight enough for outdoo! 
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We keep track of the year by using a calendar. We need 
to have a calendar that everyone uses so that appoint- 
ments can be made and kept. We also need to keep the 
months in step with the seasons. In the past great prob- 
lems arose when the calendar got out of step with the 
seasons. For example, the best month for sowing seeds 
gradually changed over thousands of years. By observing 
the stars, we now know that a year does not contain a 
whole number of days. During one circult of the Sun, the 
Earth spins on its own axis 365 times plus a further quarter 
of a turn. So, there are very nearly 365!/, days in a year. 
To take account of the quarter of a day, we have a year of 
365 days, with an extra day added in leap years. Leap 
years are the years that can be divided exactly by 4, such 
as 1980, 1984, etc. However, years ending in 00, hike 1900, 
do not count as leap years unless the year is exactly 
divisible by 400. We need to take out an extra day per 
century to remain in step with the seasons. 


The changing aspect ofthe nightsky: 
Orion is shown at the same time in the 
evening atintervals of one month. 














The Sun's height in the sky and its 
rising and setting points on the horizon 
change with the seasons. The Sun only 
rises exactly in the eastatthe 
CEQuINOXes. 














The Constellations and 


For as long as people have observed the night sky, they 
have imagined the shapes of creatures and objects in the 
patterns of stars. These star patterns are called constella- 
tions. Some well-known constellations are easy to pick 
out. Others are made up of faint stars that are hard to see 
except in very dark places away from town lights. Some of 
the constellation names. used now are thousands of years 
old, while others are comparatively modern. The southern 
half of the sky has mostly modern constellation names be- 
cause civilisation did not reach the southern hemisphere 
Mitiherplonersaiyom Europe travelledsthere. 


The older constellations feature some of the characters 
from Greek mythology. They include the hunter Orion 
with his dog Sirius, Perseus and the princess Andromeda, 
whom he rescued from a monster. Andromeda’s mother, 
Cassiopeia, and her father, Cepheus, are there in the sky 
too. There are many Stories to be told in the stars. 

For astronomers today the word ‘‘constellation’’ has a 
special meaning. The sky is divided up into 88 areas, in 
much the same way that a country 1s divided up into states 
or counties. Each of these areas 1s called by the popular 
constellation name for the bright stars within it. All the 





the Zodiac 


stars, even the faint ones, inside the boundaries of a con- 
stellation belong to it. The official names for the constella- 
tions are in Latin and these names are understood by 
astronomers of all nationalities. 

Twelve of the old constellations are well known to most 
people because they belong to the zodiac. The zodiac is a 
band of constellations circling our entire sky. This band 1s 
important because the paths of the Sun, the Moon and the 
planets are always within it. If you picture the Earth in its 
orbit around the Sun, the stars of the zodiac constellations 
seem to encircle it. The paths of all the planets around the 
Sun, and the orbit of the Moon around the Earth, alllie very 
nearly in the same plane. The shape of the solar system isa 
large, thin, circular disk. Asa consequence, most members 
of the solar system are always found in our skies against 
the background of the zodiac constellations. 

Astrologers believe that the exact positions of the Sun, 
Moon and planets against the background of the zodiac 
have an important bearing on events on Earth. These 
positions at the moment of a person's birth form his or her 
horoscope. Few astronomers believe that there is any 
truth in astrology. However, some scientists think that the 
time of year when a person is born may affect his character 
and general behavior. 

Your zodiac sign is the constellation in which the Sun lay 
when you were born. Although the stars cannot be seen 
during the day, we know that the stars are really still there. 
As the Earth orbits the Sun in the course of a vear, the 
position of the Sun as viewed from the Earth seems to move 
through the twelve constellations of.the zodiac. Astrolo- 
gers divide the zodiac into twelve equal parts, though the 
astronomers constellations are not all the same size. So, 
from the astrologers’ point of view, the Sun spends just 
one month in each sign. 


The twelve signs of the zodiac are a 
series of constellations ina band 
circling the sglar system. During 
the year, the Sun’s path through the 
heavens passes through each 
constellation of the zodiac in turn. 





he Aries 22 March-—20 April 

G Taurus 21 April—é2l May 

I, Gemini 22 May-—22 June 

a> Cancer 23 June—zs July 

NR Leo 24 July—23 August 

We Virgo 24 August-23 September 
Ms Libra 24 September—23 October 
M, Scorpius 24 October—22 November 
x sagittarius 23 November—22z December 
8 Capricornus 23 December-l9 January 
ww, Aquarius 20 January—l9 February 
At Pisces 20 February—2! March 


The signs of the zodiac used In 
astrology and the symbols used to 
represent them. 


When we look at the star patterns in the sky, there 1s no 
way to tell immediately whether the stars are all at the 
Same distance from us or whether they are scattered 
through space. We know that the stars are at a great 
distance compared with the Sun, Moon and planets or the 
patterns would change as the Earth orbits the sun. Ancient 
astronomers thought that the stars were all fixed ona great 
distant sphere. Modern astronomers have many special 
ways of finding the distances to the stars. They have instru 
ments to detect the smallest change in a Star's posit 
They can measure changes in the light from stars. Mea 
surements like these allow them to calculate star distance 
The stars are really scattered through space at ditt 
distances. The star patterns we see from Earth ar 
of where we happen to be in space NE} 
travel far out into space to a planet orbiting 
the skies would have quite a different appeat 








star Maps 
for Autumn 
anda Winter 


The star maps and charts on these and the next few pages 
will help you to find and identify some of the constellations. 
Constellations that contain only fainter stars have been 
omitted to make the maps easier to follow. 

A set of maps is needed because the sky 1s changing 
from hour to hour, and through the course of the year. 
Each map 1s labelled with the dates and times for its correct 
use. Each map consists of two semicircles, one labelled 
north, and one south. Choose the map for the date and 
time nearest to the time when you wish to observe. If you 
stand facing due north, the northern map will represent 
the brightest stars you can see in front of you. If you now 
turn to face due south, the other semicircle will identify the 


{ Ou Vel SSS 
stars directly overhead are hard to identify from 
these maps, but once you have begun to find your way 
bout the sky from the easier constellations, you will be 
ible to use more detailed maps to identify the fainter ones 
1 good idea to learn the constellations one by one 
Each time you go out. look for those you have already 
to find ne. That way you wil on 
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Stars In autumn 1S 


A good Starting point lor recognizing 
onstellation Cassiopeia. The five main stars make the 
of the letter W, even though none of 
first magnitude of brightness. This 
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\ ea leaiy during autumn 


vy W is Moh in the sky 
it latitudes around 50 to 60 north see 


J | PieaG 
tars inthe V Vasslopela point to another charac 
te 1ytl yy, Ca pela’s husband, Cepheus. And on 
tl ther side a pela 1s their daughter, Andromeda 
| lignt the large nstellation of 
ih principa tars in this con 
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Autumn and Winter 





‘ . . The bright constellations of winter are the best known 
as well as being simple to learn. This is a good time to get 
” aaa started on constellation spotting. 


‘ : One of the most splendid views is that to the south ona 
' Pe January evening. Ahead is Orion, marching across the 
‘ rAURUS Ve sky, with three stars forming a neat sword-belt for this 
‘ i Ka hunter from mythology. In Orion seven stars of first and 

s ue second magnitude make up a memorable pattern. Betel 

: geuse, the star at upper left, 1s distinctly red. It contrast: 

\ es well with Rigel, at lower right, which sparkles blue-whit 

/ Orion's belt points to twinkling Sirius in Canis Major, th 
: ‘ / Big Dog. Sirius is the brightest star visible from n cn 
: / latitudes. Procyon 1s another first magnitude star forming 

oF, 1 triangle with Betelgeuse and Sirius. Procyon bel 


Ae aidens the Little Dog, Canis Mino} 
Gazing above Orion, we find Tauru: {ni 
Gemini. the Twins. Aldebaran in Tauru 
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star Maps 
for spring 
and 
Summer 


The stars we can see with the naked eye cover a range of 
brightness. The brightness of a star as it is seen by eye is 
called its apparent visual magnitude, or just magnitude. 
On the magnitude scale, the smallest numbers go to the 
brightest stars. The most brilliant stars in the night sky 
are those of zero and first magnitudes. On a dark, moon- 
less night, the faintest stars that can be seen are sixth 
magnitude. On these maps, three symbols are used to dis- 
tinguish between the brightest, medium and_ fainter 
naked-eye Stars. 

Fainter stars are only noticeable when the sky is really 
dark. The atmosphere picks up and scatters any bright 
light so the sky background 1s faintly illuminated. In o1 

ir a town where there are many street lights, the sky 

yets really dark, though it may still be possible to 
of the brighter constellations. If the Moon is 
Ip | especially if it is nearly full, the sky will be too 
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highest point in the sky 


n April evenings the constellation Ursa Major reaches its 
Observers between latitudes 50 


is 


160 north see it directly overhead. A section of Ursa 


Major, the Plough or Big Dipper, can be used to find three 


i tne nhrst maanl 


itude stars in spring skies in the following 


1 the curve of the Bear's tail (handle of 
Dipper) leads on to Arcturus. Arcturus is one of the 
test stars in the northern part of the sky and it looks 
it Delongs to the constellations of Bootes, the 


man. The other stars in this group are all conside! 
s the small neat 


t y +4 . 1S Vext “ RB ( té t 
t ( es ‘Om 
a ld ] TTI DO = 
mods it faint stal is "eAstinctr 
} ] Tr\T 
Dp ll f ire fronure tne Beal 
Wan | arhyy ) 
] T ODo1CAa ['} mite la 
[ 1dqn} 
nstellat [ I Lyte ) 
{ > +} + +] t] 
Ln wae) [ | | 
‘ hy ¢ r } {  ¢ + 
\ 





na £riyT 


- 


1nd Summer 





In the skies of the summer evenings three first magni- 
tude stars stand out: Deneb in Cygnus, Vega in Lyra, and 


oS ie La aa Altair in Aquila. For an observer who faces south, these 
‘ ian | three map out the prominent Summer Triangle. 
\ are Pa Deneb is the brightest star 1n the constellation of Cygnus, 
‘ i the Swan. This group of Stars 1s sometimes called the 
\ ‘|. Northern Cross. It lies right within the Milky Way. Binocu 
i" " ene lars or a small telescope can be swept slowly around this 
. / part of the sky. Rich star fields, many of them thousands ol 
\ i light years away will come into view. They make up the 
m J soft glow of light from the Milky Way itself. Close to 
\ / Cygnus there are dark patches where dust clouds in deep 
4 y Space cut out the faint background of hght from distant 
x / stars. 
\ i Vega is amember of the small constellation of Lyra, the 
i / Lyre, and Altair belongs to Aquila, the Eagle. The other 
A : stars in these two constellations are much fainter than Vega 
\ / and Altair. The attractive grouping of stars making uj} 
‘ y Delphinus, the Dolphin, hes close to Aquila. Although th 
\ é member stars of Delphinus are all quite faint they lorm a 
eS 7 : COM pac QTOup that is easy to find and to remempe! 
Fewer bright constellations are to be see! 
than in winter. In fact, some parts of the summer Sky ar 
surprisingly empty to the naked eye. For this | 
0 Ry, 


also because the skies darken later u 
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The suns Family 


The first astronomers, long ago, noticed that there are five 
special ‘‘stars’”’ that gradually move through the constella- 
tions. They became known as the ''wanderers’ or planets. 
Planets shine witha steady hight, butrealstars often twinkle. 

Planets are not like stars at all. Our Sun 1s a typical star. 
It radiates heat and light of its own, but the planets shine 
only by the light they reflect from the Sun. Most stars are 
much larger than planets. Our Sun isa thousand times more 
massive than the giant planet, Jupiter. The twinkling stars 
are other suns, much further away from us than any planet. 

All the planets visible in the night sky are members of 
the Sun's family, or solar system. The five planets that can 
be seen without a telescope are Mercury, Venus, Mars, 
Jupiter and Saturn. Mercury is closest to the Sun. It is not 
easy to pick out because it is never far from the Sun in the 


* Jupiter 


sky. Venus is also closer to the Sun than Earth. This brillant 
planet is seen at its best at dawn or dusk and so It is often 
called the ‘‘morning star" or ‘‘evening star’’. Mars is ‘the 
Red Planet'’, so named because of its color. Jupiter and 
Saturn, both giant planets, can often be seen shining with 
steady yellow light. Mars, Jupiter and Saturn he further 
from the Sun than the Earth. 

After the invention of the telescope, astronomers found 
three, more distant planets. Uranus was discovered in 
1781, Neptune in 1846 and Pluto in 1930. All nine planets 
travel in orbits around the Sun. They all journey in the 
same direction. The planets nearest the Sun take the least 
time. Mercury, nearest to the Sun, makes a circuit in only 
88 days. Earth takes a year, and Jupiter 12 years 

Johannes Kepler studied the motion of the planets. In 





1609 he discovered that the orbits of the planets are slightly 
stretched circles, called ellipses. An ellipse has two focal 
points. For each planetary orbit the Sun is at one of the 
focuses. This means that the distances of the planets from 
the Sun change by small amounts as they travel in their 
orbits. 

Kepler found out how the planets move, but it was Isaac 
Newton who realized that the force of gravity holds the 
planets in their orbits. The Earth's gravity makes objects 
that are dropped fall to the ground. If the Sun’s gravity did 
not constantly keep tugging at the planets, they would fly 
off into the depths of space. 

The inner planets have all been visited by spacecraft. In 
the 1980s the Voyager spacecraft, launched by the USA, 
will reach the outer giants of the solar system. The two 
Voyagers will photograph the planets and their many 
moons in great detail. 

The Sun's family has other members apart from planets. 
Owarming between Mars and Jupiter there are thousands 
of asteroids or minor planets. Comets with their streaming 
tails, visit us from the farthest parts of the solar system. 
Dust 1s scattered in the space between the planets, as well 
as stones or meteorites. These space rocks burn up if they 
crash through Earth's atmosphere, creating a meteor trail 
or ‘‘shooting star’. 


The Planets 
The orbits of the major planets are 
shown drawn to scale. Between the 
orbits of Mars and Jupiter lies the Mercury 
broad band of asteroids. The planets Venus 
are drawn in their correct relative sizes, Farth 
although they are greatly enlarged Mars 
compared to the orbits. Notice how Jupiter 
small the inner planets and their orbit: saturn 
are compared with the outer giants. All Uranus 
orbits in the planetary system, except Neptune 
for those of comets, are close toon Pluto 


Diane 





An ellipse 1s like a stretched circle. To 
sketch an ellipse, tie a length of 

string loosely to two pins fixed ona 
board. Stretch the string tightly witha 
penciland move itaround the pins. The 
pencil traces an ellipse. The two pins 
mark the focus points of this ellipse. 


Many of the planets have moons orbiting them, rather 
like miniature solar systems. Jupiter has at least thirteen 
moons, four of which can be seen in a small telescope. 
Gravity holds the moons in their orbits around their 
planets, just as it keeps the whole of the Sun's family 
together. 
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Eclipse of the sun 


A total eclipse of the Sun must be one of the most eerily 
beautiful sights in nature. Only a remarkable coincidence 
makes it possible for us to witness this spectacle. The Sun 1s 
a great, luminous ball, 109 times the diameter of the Earth 
and at a distance of 150 million kilometers. The Moon is 
only one quarter the size of the Earth, but it is 400 times 
nearer than the Sun. Of course, things look much smaller 
when they are ata great distance than when they are close 
by. The difference between the Sun's and the Moon's 
distances compensates for their difference in size. As a 
result, the Sun and the Moon look very nearly the same 
size in our skies. 

It is an amazing coincidence that planet Earth has a satel- 
lite which coincides in apparent size to the Sun. Although 
the Sun is 390 times further from us than the Moon, it is also 
390 times larger. The greater diameter is exactly cancelled 
by our viewing the Sun at a greater distance. Without this 
beautiful phenomenon we should know very much less 
ibout the outer atmosphere of the Sun. No other planet in 
our solar system can see the eclipses as well as we can. 
The Moon takes roughly a month to circuit the Earth in its 


rbit. Two or three times a year, on average, the Moon's 
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path takes it directly between the Earth and the Sun. At 
such times an eclipse of the Sun takes place. The dark disk 
of the Moon blots out all or part of the Sun for a short time. 
The Moon's shadow measures only a few kilometres 
across on the Earth's surface, and as it speeds along its 
orbit the shadow sweeps out a long curved path on the 
Earth. Any particular eclipse of the Sun will only be seen 
by people who are somewhere along this long and 
narrow path. At any one place the totality lasts only two to 
four minutes. An hour or so before totality is due, the 
Moon starts to cover part of the Sun. At this stage the eclipse 
is only partial. In a wide area on each side of the eclipse 
track only a partial eclipse can be seen 

As the total eclipse becomes imminent, the sky darkens 
and the stars appear. When the Sun's disk 1s completely 


A series of exposures of the camera 
over a period of one hour show the 
progress ofan annular eclipse in Costa 
Rica in 1974. When the Sun is closer 
than usual and the Moon further away 
than usual, their sizes do not match. 
The Moon fails to cut out the Sun 
completely, as in this case. 


blotted out, a shining white halo shimmers around the 
black Moon. This is the Sun's corona, a crown of thin hot 
gas streaming away from the Sun. Close to the black disk 
of the Moon is a thin ring of reddish gas that 1s called the 
solar chromosphere- Sometimes there are prominences 
visible, as tongues of gas leap up from the Sun. 

The edge of the Moon is not perfectly smooth because 
there are mountains and valleys running along it. Just 
before or just after totality the Sun may shine through 
these valleys. This gives the impression of a string of 
pearls or a brilliantly flashing diamond ring. 

Long ago, people feared eclipses. They did not under- 
stand what was happening and thought that the Sun might 
vanish for ever. Today eclipses are closely observed fora 
different reason. Total eclipses give astronomers rare 
opportunities to study the fainter parts of the Sun's corona 
and to look at the chromosphere layer. Long before an 
eclipse is due, expeditions are carefully planned to places 
that lie on the totality track. Astronomers try to pick a 
place that will not be cloudy during the brief eclipse 
During the few minutes available, many cameras and 
instruments are used simultaneously for a variety ol 
experiments. Some teams of researchers take thei 
instruments up in aircraft. That way they can be sure ol 
getting above the clouds, and the plane can chase the 
Moon's shadow, thus increasing by several minutes the 
time for which the eclipse 1s visible 

The distances between the Sun and the Earth, and b 
tween the Earth and the Moon are not constant 
by small amounts. When the Sun is closer than usua 
the Moon is more distant than usual, the M ks a 
smaller than the Sun. If an eclipse then occurs, the M 
does not cover the sun completely. Instead a brignt 1 
sunlight circles the black Moon. such an event 1s 
annular eclipse; the word annulus means ring. | 
annular eclipse, the sky remains bright 
cannot be seen. For those tv 
are of little scientific valu 








Earth ana Moon 


No small planet has a moon quite like ours. Mercury and 
Venus have no moons at all and only two very small 
chunks of rock hurtle round Mars. In the outer solar 
system, however, large moons orbit Jupiter and Saturn. 

Our Earth and its Moon are like a double planet. The pull 
of gravity holds them close together. The Moon travels in 
an orbit round the Earth taking about a month to do so. The 
word ‘'‘month" comes from ‘‘moon”’, During the course of 
a month, we see the Moon go through its regular cycle of 
phases. Just after new Moon, only a thin crescent can be 
seen close to the setting Sun. In a week the Moon 1s half lit 
and after two weeks there jis a full Moon. In another two 
weeks we are back to new Moon again. These changes 
happen because the Moon only shines by reflected sun- 
light, and as it travels around the Earth, we see different 
amounts of the Moon's sunlit half. At new Moon, the Moon 
hes between the Earth and the Sun, and the side that is 
shining faces away from the Earth. At full Moon, the Moon 
is on the side of the Earth furthest from the Sun and all of 
the illuminated side 1s visible. 

Two or three times a year, when the Moon goes behind 
he Earth, it moves into the Earth's shadow. When this 
lappens, the Sun's light cannot reach the Moon because 
the Earth 1s in the way, and we Say that the Moon 1s eclipsed. 
During such an eclipse, the Moon looks dimly red because 
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The gravitational pull of th 
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cause the ocean tides 


The crescent Moon waxes to fullness 
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Only the side of the Moon facing the 
Sun is bright. As the Moon travels 
round the Earth, different amounts of 
the sunlit side can be seen. 
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the Earth's atmosphere scatters some sunlight towards the 
Moon. Eclipses do not take place every month because the 
Moon's orbit is tilted at an angle to the Earth's path round 
the Sun. Usually the Moon clears the Earth's shadow by 
passing above or below it. 

You may have noticed that the markings on the Moon 
never change. The Moon always keeps the same face 
towards the Earth. Until the first spacecraft were sent to 
travel round the back of the Moon, nobody knew whether 
it was similar to the half we can see. Photographs show 
that the other side is much the same, except that there are 
fewer dark areas. 


More than three-quarters of the Earth's surface is 


‘covered by the oceans. The Moon's gravitational pull has 


the important effect of making ocean tides. Unlike solid 
rock, liquid water can flow easily. The water surrounding 
the solid Earth is distorted into a squashed ball under the 
influence of the Moon's attraction. As the Earth spins on its 
axis, the bulges in the water seem to sweep round the 
Earth, causing two tides each day. The Sun, too, has an 
influence on the tides. When the Moon and the Sun are both 
pulling on the oceans in line, the highest tides are formed. 
The tides are delayed approximately 52 minutes each day 
because the Moon rises about 52 minutes later each day 








The Great Observatories 


in large observatories where 
from the planets, stars and distant 
has special buildings, called 
rotect the telescopes from wind, rain and snow 
in opening through which the 
ws the sky. Ata large observatory there are 
each designed to assist astronomers ina 

Siant telescopes with mirrors four meters 
meter look at the faintest stars. Smaller 
take beautiful photographs of the 


yoservatories are built high in mountain 


slouds,y Imethe mountaims they 
zie from street iqnts. some 


times astronomers have to travel thousands of kilome 
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to reach their telescopes. 

Mount Palomar Observatory 1s the famous 
observatory in southern Califorma. It 1s onl 
meters from the blaze of lights in Los Angeles 
American telescopes are found in Arizona 
Mountain. In the nearby city of Tucson the street light: 
shaded to protect the telescopes 
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AtCambridge, England, several small radio dishes are 
linked up by cables to make an interferometer. This type 
of telescope can see detail as finely as 

a single dish five kilometers across. 





“4 


Most of the great observatories are in the northern {fis radio telescope in West Germ 
hemisphere, where most astronomers live. However, hasa dish 100 meters across. It 1s the 
American and European astronomers want to know more world's largest, steerable radi 
about the stars and galaxies in the southern skies. For this telescope. 
reason, new observatories have been constructed in 
South America and Australia. 

New observatories located in the clear mountain air of Many galaxies send out radio waves. These are detected 
the Chilean Andes are searching the skies of the southern by large radio telescopes. Fortunately, clouds do not 
hemisphere. For example, several European countries block out radio waves, so a radio astronomy obser 
run an international observatory in Chile. Each of these ‘an be built in a cloudy place. In England t 
observatories is equipped with the very latest modern radio observatories near to Manchester and at Cam 
telescopes. One important project they are working on is bridge. Several large observatori ire at \ L 
to make high quality photographs of the southern skies. USA, USSR and Australia. Radio telesco} in op 

British and Australian scientists joined forces to found luring the day as well as at night 
the Anglo-Australian Observatory in New South Wales X-rays cannot travel very far throug] 

Here they have a telescope with a mirror 3.9 meters in Space scientists have made automatica 
diameter, the fourth largest in the world. The dome for the tories. These orbit | 
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telescope also contains computers, offices for the re l'elescopes controlled by radio signals } 
searchers, a library, kitchens, and darkrooms for de yround 

veloping photographs of the sky. By day, the astronomers Eventually, astronomers hope 1 

sleep in another building close to the huge dome tories contal 


Apart Irom astronomers, a modern observatory re Peal 
quires peopie to run computers, to build instruments and 
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lelescopes 


For thousands of years, watchers of the skies could only 
study the stars by eye. Happily, at the start of the seven- 
teenth century, Dutch opticians invented the telescope. By 
combining two lenses they found that they could magnify 
a distant object. Galileo applied the telescope to astro- 
nomy and made several major discoveries. He found the 
four large moons of Jupiter, and showed that the Milky 
Way is made of millions of faint stars. 

A telescope’s main job is to capture radiation from 
planets, stars and galaxies. This radiation may be in the 
form of light waves, radio signals or X-rays. Each radiation 
needs a special type of telescope. 

With a big telescope an astronomer can collect far more 
radiation from faint objects than he could detect with his 
eyes alone. For example, the world’s largest optical 
telescope, which is in the USSR, has a collecting mirror s1x 
meters (236 inches) across. When ii looks at the stars, it has 
the seeing power ofa million human eyes. Furthermore, a 
telescope can spend time collecting radiation from one 
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object. It can build up a photograph, perhaps over many 
hours, of stars the eyes would never see no matter how long 
they stared into space. 

A refracting telescope has a lens to gather light and to 
form an image of the object. This lens, the one at the front 
of the telescope, is called the objective. An eyepiece 
made from one or more small lenses is used to look at the 
image made by the objective. Strange as it may seem, 
astronomers are not always interested in using very high 
magnifications. Different eyepieces give different. mag- 
nifications on the same telescope. Yet however much a 
star image 1s magnified it never looks like anything more 
than a fuzz of hght! 

The world’s largest refracting telescope has an objec 
tive lens 1.] meters (40 inches) across. Many problems 
make it impossible to manufacture lenses any larger than 
this. So for the biggest optical telescopes, astronomers 
instead use a curved mirror to reflect the light into an 
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Astronomers use reflecting telescopes for much of their 
work. In a large reflector, such as the Anglo-Australian 
Telescope, the astronomer can work inside a small cage 
positioned high up in the telescope tube. This cage may 
be replaced by a second curved mirror that reflects light 
back down the telescope and through a small hole in the 
main mirror. The light beam emerging from this hole is 
then examined by special instruments. The one most fre- 
quently used is the spectrograph. This breaks light down 
into its separate wavelengths. By examining the intensity 
of the light at different wavelengths astronomers can work 
out the temperature and composition ofa star. 

Radio telescopes use huge dishes as much as 100 meters 
(330 feet) across to reflect radio signals onto a radio 
detector located at their main focus. Witha radio telescope, 
it is possible to measure the strength of the radio waves 
sent out by galaxies. By linking several radio telescopes 
together astronomers can also produce a ‘‘radio photo- 
graph” of radio-emitting regions of the sky. Radio astro- 
nomy can be done by day as well as at night. 





High above the atmosphere there are X-ray and ultra- 
violet telescopes orbiting the Earth. To describe the view 
of the sky in X-rays and ultraviolet rays they send radio 
messages back to the Earth. 

For amateur astronomers an excellent first instrument 
1S a good pair of binoculars. With these an amateur may 
view details on the Moon, star clusters, and the moons of 
Jupiter. The next stage might be to obtain a small reflecting 
telescope with a 15 cm to 20 cm (six to eight-inch) mirror. 
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A typical amateur 
astronomer's refracting 
telescope. 
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ndary mirror 


Inside the Anglo-Australian Telescope 
the light may be focused at several 
places. Different types of equipment 
are positioned at each focus. 
Photography usually takes place at the 
prime focus located at the top end of 
the telescope. 








Astronomy in space 


The space age has greatly changed astronomy. No longer 
do all observations have to be made through a restricting 
blanket of atmosphere. The atmosphere protects us by 
cutting out certain types of radiation that are constantly 
bombarding the Earth from space and would be dan- 
gerous to life. In particular, astronomers can only detect 
ultraviolet rays and X-rays if a telescope is placed in orbit 
round the Earth. These rays do not travel very far through 
alr so they cannot reach an observatory at ground level. 
Another important advance made possible by space 
travel is the sending of television cameras to the nearby 
planets. Man has landed several times on the Moon. 
Venus and Mars have been probed by instruments that 
soft-landed on their surfaces. 

The most spectacular achievement of space astronomy 
was the Apollo space program. This enabled men to make 
several Moon landings. For the first time they brought 
back material from another world for scientists to study. 
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As a result, we now know that the age of the Moon is 4: 
million years, the same as the Earth's. 

It will be many years before travel even to the nearest 
planets. Mars, for example, would require an expedition 
lasting at least a year. Venus 1s far too hot and its atmos 
phere too dense for a visit, and Mercury 1s like a blast 
furnace. Instead, these planets have been explored by 
automatic cameras aboard space probes launched from 
Earth. In many ways, the technique of planetary phot 
graphy is similar to a remote television broadcast. A tele 
vision camera makes magnihed images of the planet. These 
are transmitted back to Earth, line by line, as radio signals 
scientists can then view the planet on a TV screen 

Tens of thousands of photographs of Mercury, Venus 
and Mars have been made in this way. These have greatly 
increased our knowledge of the planets. Soviet astron 
mers obtained the first picture from the surface of a planet 
with their craft Venera 9 broadcasting from Venus 


American scientists subsequently probed the surface of 
Mars with the two Viking landers. Eventually, Viking 
landers will settle on satellites in the outer solar system, 
such as the moons of Jupiter. 

X-ray telescopes have made surveys of the stars and 
galaxies that send out X-rays. Until instruments sensitive 
to these rays could be sent up to a height of 150 kilometers 
on rockets, astronomers knew nothing about X-ray stars. 
X-ray telescopes now circle the Earth permanently. They 
have detected many types of X-ray star. Some space 
scientists believe they have found X-rays coming from the 
vicinity of black holes in space. 

An American orbiting laboratory named Skylab showed 
that astronomy would advance still further if optical tele- 
scopes were used in space. Then there is no interference 
from hghting, clouds or the atmosphere. A space tele- 
scope two meters in diameter would be able to see stars 
that are a hundred times fainter than any seen so far. It 
might even be able to find planets orbiting nearby stars. 





The spacecratt Voyager will take 
close-up pictures of the giant planet 
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The Planet Earth 


Man has been able to study the surface of his own planet 
for as long as the Earth has been inhabited. Yet, it 1s 
strange to think that before orbiting spacecraft had actually 
returned color photographs of Earth, nobody had pre- 
dicted accurately what it would look like from space. Now 
we know the Earth as a beautiful blue and white planet. 
From beneath the spiralling patterns of brilliant white 
clouds the familiar shapes of the continents loom into 
view. 

Many factors make the Earth unique in the solar system. 
It is the only planet with substantial amounts of hquid 
water. The oceans cover more than three-quarters of the 
surface; this vast quantity of water, coupled with the 
presence of oxygen in the atmosphere, 1s a powerful force 


Blue oceans and white clouds dominate 
the view of Earth from space. Africa 1s 
visible beneath the clouds. 


of erosion. Shifting weather behavior and long-term 
changes in climate rapidly wear down the continental 
rocks. Mountains are smoothed by glaciers, wind and 
rain. Mighty rivers etch channels through the rocks and 
lowland plains, carrying sand from one place and laying 
it down in another. 

Erosion has given the Earth a quite different appearance 
from that of the other planets in the inner solar system. The 
evidence that Earth was once pitted with meteorite craters 
in the same way as the Moon is now very scanty, but it is 
hard to imagine that Earth escaped this tremendous bom- 
bardment. Rather, the patient erosion by wind and water 
has healed over the wounds until no traces remain except 
in a handful of places. 


The crust of the Earth 1s like the skin of 
an apple. Beneath it lie the rocks of the 
mantle and the 1ron core 
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Unlike the other rocky planets, the Earth has inner 
layers that are very active and on the move. Volcanoes and 
earthquakes are mechanisms that permit the Earth to let off 
pressure that builds up internally as the rocks beneath our 
feet slowly slide about. Earthquakes are sudden, unpre- 
dictable, and fatal in many parts of the world, but they 
teach geologists about the inner structure of the Earth. 
Vibrations spreading outfrom an earthquake aremeasured 
all over the globe. The manner in which these vibrations 
travel shows that Earth is made of several layers. We live 
ona very thin crust of solid rock that is nowhere more than 
50 kilometers thick. The crust lies atop a thick layer of rock 
mineral called the mantle. Inside that, there is a liquid core 
of hot iron and nickel. Possibly the central part of this core 
is solid because of the immense pressure created by the 
weight of the overlying material. We know that the core is 
made of heavy substances such as iron because that's the 
only way that the Earth asa whole can end up with a density 
rather greater than that of ordinary rock. 

Unlike many of the rocky planets in the solar system, our 
own world is a hive of geological activity. Mountains are 
being thrust up, earthquakes make the globe tremble, and 
volcanoes cough out liquid rock. The continents even are 
slowly gliding about. Why is Earth so different? 

The answer is that the crust of the Earth consists of 
several large plates that will not keep still. Beneath the 
oceans and continents there is a rock layer that moves. 
Hed flowing from the interior of the Earth causes this 
motion, which is hke that of a conveyor belt. The heat 
comes from the decay of radioactive rocks. In certain 


Grand Canyon, Arizona, isa dramatic 
witness to the power of water. The 
Colorado river has now scarred the 
face of the desert right down to rock 
layers two thousand million years old. 
The bands of rock recorda history of 
upheaval and flood, erosion and 
mountain building throughout that 
period of two thousand million years. 


places the rock conveyor belts are pushing into each 
other, and tremendous buckling of the continental plates 
takes place. This crumpling of two continental plates has 
caused the formation of the Alps and Himalayas. Along the 
west coast of America the continental plate is being forced 
against the ocean plate and this has formed a great range 
of coastal mountains from Alaska to southern Chile. 

Another effect of these rock movements is to generate 
friction. This may melt the rock just below the surface, 
which then bursts through a crack and makes a volcano. 
The Earth's largest volcanoes are the Hawaiian Islands. 

The motion of continental and ocean plates is not notice- 
able in a human lifetime. But it is fast enough to change the 
face of the Earth ina mere 10@ million years. For example 
all the present continents resulted when two enormous 
land masses shattered about two hundred million years 
ago. South America and Africa are still drifting about but 
if you look at a map of the world it is easy to see that they 
once fitted together. 


Perhaps you have used a magnetic compass to find 
directions. On most planets a magnetic compass would 
be of no use for finding north. The compass works | 
because the Earth has a magnetic field of its own. A com 


pass needle lines up with the Earth magnetism and points 
to the north. Earth magnetism is generated by | 
currents flowing through the liquid iron in the int 
Most planets lack this liquid metal so they do not hav 
magnetism 

Earth is not only our home, it is also the most act 
object in the solar system 





Mercury 


Mercury is a world of extremes. As the closest planet to formed. Some of the material smashing into the surface 
the Sun, it has scorching daytime temperatures of 400 C, scooped out craters hundreds of kilometers across. At 
hot enough to melt lead. At night the temperature plunges the same time, volcanoes sprang into action, flooding 
down, perhaps to —200 C because there is no blanket of craters with molten rock. Today, however, Mercury doe: 
atmosphere to trap the heat. Mercury spins round on its not have any active volcanoes 

wn axis in 59 days and takes 88 days to make one circuit Mariner 10 detected a very weak magnetism round 
of the Sun. Its orbit is quite elliptical, so that the distance Mercury. It seems that the planet is hke a perm 
from the Sun varies between 47 and 69 million kilometers. magnet. Earth's magnetism is a hundred times stronge! 
This tiny planet is not much bigger than our Moon. than Mercury's. 

In 1974, the space probe Mariner 10 flew past Mercury. An extremely thin atmosphere of helium gas was dls 
It sent several thousand photographs of the planet back to covered by Mariner 10. There is so little of it that the su1 
Earth. At first sight, these show a world like the Moon. face pressure is billions of ttmes smaller than at the surfac 
There are a great many craters and several smooth of the Earth. Life like that on Earth could not exist on thi: 
plains. Some of the large craters have bright rays spread- alrless world with its great range of temperature 
y out just like the large lunar craters Mercury is a difficult planet to observe. | 
There 1s no weather on Mercury, just long baking days round the Sun means that we never see it travel m 
followed by intensely cold nights. The surface is, there- 27 degrees in the sky from the Sun's disk 
fore, not changed by erosion. Over thousands of millions you can only see Mercury just before sunrise or after su 
| space debris has smashed into the planet. This set, close to the horizon. Mercury's rapid progress limit 
tinuous bombardment has left the shattered surface we the possibility of seeing it to just a few days per orbit. | 

today. The crater floors are covered in fine dusty telescope it shows phases like the Moon, because 11 
vder, the product of smashed rock Earth we can see parts of the planet that are not 1n sunlight 
The heaviest bombardment of Mercury took place long If you search for Mercury with a telescope, bi 

few hundred million years after the planet point the instrument at the Sut 
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Exploring the Moon 


The Moon, our nearest neighbor in space, is the only 
heavenly body that mankind has visited. In the future 
perhaps the planet Mars and the moons of the giant planets 
will be explored by man in person, but so far, only the 
Moon has this distinction. 

In 1959, a Russian space vehicle made the first flight 
beyond the Moon to send back ghostly pictures of the far 
side. Altogether, over thirty unmanned spacecraft have 
coasted past or orbited round the Moon. They have 
obtained thousands of high-quality photographs. When 
the photographic surveys had been made, scientists chose 
the locations for manned landings. American spacecraft 


have made eight manned missions. These vastly increased 
our knowledge of the Moon. The astronauts left behind 
them instruments that continued to send information tc 
Earth until late-1977, as well as footprints, a silent record 
of man’s visits that will last for millions of years 

A major achievement of the manned space program 
has been the return to Earth of nearly half a tonne of dust 
soil, rocks and boulders. The study of this lunar material 
will continue for many years. The moon rock tells us about 
the Moon's past history: its origin, age and make-ur 

The actual landings required three men in space on each 
mission. Once the spacecraft reached the vicinity of the 





ose 


Moon, it separated into two parts. Two astronauts piloted a 
Lunar Excursion Module to the surface, while a third col- 
league kept watch from an orbiting Command Service 
Module. The Excursion Module contained everything 
needed to survive on the Moon: oxygen, food, equipment 
and even a Lunar Rover for taking a drive into the country- 
side! When each exploration was completed the Excur- 
sion Module blastec away from the Moon to dock with the 
Command Service Module. All the astronauts then return- 
ed to Earth in the Command Service Module, after throw- 
ing away the Excursion Module, to crash back on the 
surface. 


The Lunar Excursion Module of the 
Apollo 17 mission. In frontis the Lunar 
Rover, a limousine and mobile TV 
Station, that aided the exploration. 





poviet research has stressed the need to send robots or 
automatic space vehicles to explore the Moon. The 
Lunokhod craft, a bathtub on wheels, trundled around for 
some weeks. However, this method has not yet given such 
good results as the manned missions. 

Only a tiny part of the Moon has been examined by man. 
In the 1980s the operation of the Space Shuttle, a re-usable 
space vehicle, may allow more trips. Then there will bea 
new explosion of information. By the year 2000 permanent 
scientific bases could be in operation, just as they are in 
the Antarctic continent today, supplied with food and 
equipment by regular Shuttle deliveries. 


The Command Service Module for the 
Apollo 16 mission glides in orbit while 
awaiting the return of the Lunar 
Excursion Module from the surface. 
All three astronauts returned to Earth 
in the Command Service Module. 
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and seas 


If you look at the Moon through field glasses, many large 
craters jump into view along with the smooth dark areas 
called maria. The dark regions were named maria (the 
plural form of the Latin word mare, meaning sea) before 
anything was known about their nature. Less than a century 
ago, people still thought that they might be oceans of 
water. In fact, they are solid seas of the lava that once 
flooded parts of the Moon. 

The cratered lunar highlands are made of the oldest 
rocks which date from 4'/ thousand million years ago. 
[he rocks themselves have been endlessly pounded by 
meteorite crashes which briefly melt the rock at the point 

f impact 

Craters pepper the entire greyish surface of the Moon. 
More of them are found in the highlands than on the dark 
maria. Crater sizes range from 200 kilometers to a few 
‘entimeters. The crater walls rise majestically above the 

nding plain, but their interiors plunge down below 

plains. Some ancient craters are now flooded by dust 

lava. Young craters are like cup-shaped depressions 

vith fresh interiors. Often, craters have a small mountain 

! Yr a moment a jet of 

rock that got frozen in mid-flight Immediately alter 
the crater formed by meteoritic Impact. 

M 1 spaceflight has settled the arquments about the 

‘raters. Most of them are the result of intense 
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What would happen if an asteroid, weighing billions of 
tonnes, slammed into the Moon? Long ago, a few of them 
did this and they scooped out enormous depressions. 
Millions of years later, molten rock, or lava, flooded out 
from the interior and filled up the asteroid basins. Today 
we see these as the dark maria on the Moon. These oceans 
of lava turned solid three and a half thousand million years 
ago. 

The Moon's far side has no large mare. It is a shattered 
highland region, devastated by meteorites. This part of 
the Moon can only be explored by orbiting spacecraft be- 
cause it cannot be seen from the Earth. 

On the smooth maria the Moon still retains evidence of a 
hery volcanic past. Three and a half thousand million 
years ago the lunar volcanoes were pumping out liquid 
rock in a fiery frenzy. There are numerous deep winding 
valleys called rilles. These may be the remains of the 
ancient channels that the molten lava flowed through 
Some of the smaller craters are certainly the cindery holes 
of dead volcanoes. The maria also have bumps and domes 
where the pressure of molten rock has lifted up the surface 
a little. Even now there may be slight volcanic action 
observers sometimes notice temporary red hazes along 
the edges of maria which could be caused by gas puffing 
out of weak spots in the lunar crust. 


Craters, dark seas and bright 
mountains show up clearly in the 
composite photograph of two half 
moons at opposite phases. Crate! 
Tycho is at upper center, Copernicus 
at lower right. Mare Imbrium 
dominates at lower right. The small 
circular mare at lower left is Mari 
Crisium, with three seas above it 
from upper left to right: Foecundit 
Tranquillitatis and Serenitat 
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The Surface of the Moon 


The Moon's surface is blanketed by very fine powder. 
Walking on the Moon is a bit like hiking through talcum 
powder with stones in it. Boots leave a crisp impression, as 
in freshly fallen snow, that will last for millions of years. 
Moon soil is not at all like Earth soil. It is entirely made 
from finely powdered rock—the dust from all those 
meteorite crashes. Moon soil has no water, decaying 
plant material or life. But it does contain something beauti- 
ful and unusual. Moon soil has many glass beads, emerald 
green and orange red in color, shaped lke jewels and 
teardrops. These are made when a meteorite impact 
sprays liquid rock in every direction. When the droplets 


Crater Eratosthenes may be seen 
through a small telescope. The walls 
rise up above the surrounding plain, 
but inside the crater they have 
slipped down to form terraces 


of rock solidify again, they turn glassy. 

Once it was feared that if a spacecraft landed on the 
Moon it would rapidly sink without trace into the deer 
dust layers. However, the lunar soil, as well as the gravel 
and stones it includes, is well packed down to provide a 
reasonably firm surface. The main hazard of Moon travel 
is finding a smooth place to land. At close quarters the 
surface 1s almost always like a bomb site, with small 
craters everywhere. 

Moon rocks do not have anything like as many different 
substances within them as Earth rocks. This emphasizes 
that the Moon is not at all like the Earth: it has no air, no 


A crisp footprint from an astronaut on 
Apollo !]1, the first Moon landing, 
which was made 1n 1969. 





water, no oceans, and no weather, so it has remained in 
much the same form for thousands of millions of years. 
Astronauts left scientific apparatus on the Moon. Earth- 
quake sensors detected numerous ‘‘moonquakes'' as wel! 
as space rockets and meteorites slamming into the sur- 
face. Several small reflectors, like those on a car or cycle, 
were placed on the Moon. Scientists can now find the 
Moon's distance to within a centimeter or so by aiming a 
powerful laser beam at these reflectors and timing the 
round trip for laser light from Earth to Moon and back 
again. This distance on average is 390,000 kilometers. On 
the surface of the Moon you would weigh only one sixth 


An old crater, called Thomson, that has 
been flooded with lava. 
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of your Earth weight. This is because the Moon's mass is a 
mere one-eightieth of the Earth's, so the gravitational pull 
is considerably smaller. 

The analysis of lunar material has shown that the surface 
has never supported life in the past. However, astronauts 
brought back to the Earth a piece of the Moon lander, 
surveyor 3. Bacteria on this craft were still alive after 
several years of exposure to the harsh lunar environment. 
These bugs did not flourish, but neither did they die. Our 
spacecraft are contaminating the Moon, planets and deep 
space with the hfe from Earth even though the equipment 
is given a complete cleaning before its launch. 


Crater T'siolkovsky on the far side, has 
a black carpet of lava anda central 
mountain. 








Venus 


Venus is one of the easiest planets to pick out tn the sky, 
and is sometimes called the evening star. Brilliant Venus 
gets closer to Earth than any other planet: its near point 1s 
only 42 million kilometers away. At its brightest it out- 
shines everything except the Moon and can be seen in the 
east at sunrise or the west at sunset. 

Venus is the twin-planet of Earth because they both have 
the same size and mass. However, thelr atmospheres are 
very different. The main gases in Our alr are oxygen and ; 
nitrogen. Instead of these gases, Venus has a suffocating ~*~. 
atmosphere of carbon dioxide. High in the Venusian “a ch me “= 
atmosphere there are even misty clouds of sulphuric acid. LS suit. : 

One remarkable property of the Venusian atmosphere 





Cad 


is the way it acts on the planet like a greenhouse. The glass Radar beams can penetrate the dense 
in a greenhouse lets high-energy heat rays from the Sun cloud. They reflect from the surface. 
through to heat the soil. But the glass will not let through Craters are faintly visible in this 

the low-energy heat that plants and soil produce. So heat 1s ghostly photograph made by rada! 


trapped inside the house and the temperature goes up. beams 
Now on Venus the dense carbon dioxide gas works rather 
like the glass in a greenhouse. It holds in the heat so the 
temperature on the surface is nearly 500 C, which 1s even 
hotter than on Mercury. There 1s so much carbon dloxide 


in the atmosphere that it crushes down with an enormous he shattered rocks of Venus are 
pressure nearly one hundred times higher than our visible in this aistortea 
atmosphere. On Venus the crush of the air is as great as surface. TheS 
that one kilometre beneath an ocean on Earth. 9 succeeded in sending! 








Until the space age we didn't know very much about 
Venus. Swirling clouds hide the surface from view. By 
sending radar waves at Venus and listening to the echo 
from them, scientists have detected large craters and also 
mountain ranges about three kilometers high. Radar 
pulses also gave an amazing result for the rotation of 
Venus. This planet spins backwards on its own axis in 243 
Earth days, whereas it takes 225 days to circuit the Sun. 
On Venus the solar day lasts for 118 Earth days; there are 
less than two Venus days in each Venus year! 

The dense and hot world of Venus destroyed many 
spacecraft that tried to land on its surface. Finally, in 1975, 
two Soviet craft built hke deep-sea diving probes sur- 
vived for long enough to send us the first photographs 
ever taken on the surface of another planet. The pictures 
show a landscape of sharp rocks in one case and smoother 
features in the other case. Mostly the rocks are 30-60 
centimeters 1n size. 

The American probe, Mariner 10, took a look at the 
clouds of Venus as it coasted along on its journey to 
Mercury. Over three thousand photographs were taken 


sands of clouds swirl high in the 
atmosphere of Venus. At the point 
where the Sun Is shining directly 
overhead, the wind breaks the 
clouds into two streams, forming a 
Y-shape flow of clouds. 


They mainly show the cloud formations in the uppet 
atmosphere. 

When Earth first formed, it may have been rather like 
Venus is today. Life on the Earth has broken down the 
dense carbon dioxide atmosphere which once existed 
here as well. Much of the carbon is now locked up in 
enormous layers of chalk and limestone. Water, which 1s 
still held in the atmosphere of Venus, deluged the Earth 
and formed the oceans. 

If you observe Venus with even a small telescope, you 
will see that it has phases. Sometimes you can see a ‘half 
Venus’, and at other times a bright ‘crescent Venus” 
When Galileo discovered this behavior he realized that 
Venus must orbit the Sun at a closer distance tl 
Earth. This means that we on Earth sometim 
from a vantage point allowing part of the nignts1ae al 
ol the Gayslde to be seen togetne! VW ht 
this, most people still thought that the mart 

‘entre of the Universe, with the sun ana 
round it. The phases of Venus prove thal 
wrong and that Earth and Venus bot { 
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Mars, the Red Planet 


Viewed through a telescope, the planet Mars looks lke a 
rusty-red disk. Its surface has various light and dark parts, 
as well as white ice caps at the north and south poles. Like 
our Earth, Mars experiences a cycle of seasons—while 
one half of the planet has summer, the other half has winter. 
In the summer half of the planet, the polar cap gets smaller 
as the ice melts in the Sun's warmth. Meanwhile, the other 
halfofMarsishaving winter, andthe polar captheregrows. 

During the course of a Martian year, which 1s nearly 
twice as long as an Earth year, changes occur in the 
appearance of the surface, especially near to the ice caps. 
The markings on Mars and their changes led astronomers 
to speculate for many years that Mars might have simple 
plant life. Earthbound telescopes could never answer 
questions about life on Mars for certain, but now Mars has 
been visited by spacecraft that have actually landed on 1t. 

Viking I and Viking II both landed on Mars in 1976. They 
sent back to Earth many marvellous color photographs. 
The Viking craft also made experiments to find out about 
the soil and the atmosphere. Apart from these landers, 
several spacecraft have orbited round Mars. They have 
taken thousands of photographs from space so that a very 
great deal is now known about what Mars 1s really like. 

The whole planet 1s a great desert. No water flows on the 
surface and practically none exists in the atmosphere 


either. Color photographs show a completely barren 
landscape, strewn with loose boulders. The red color is 
typical of desert rocks that are found in many places on 
Earth, and comes from the rusting or oxidation of iron. 
Only the surface is this color, for the Viking landers 
scooped up the red dust and found that just below the 
surface the rocks are a darker color. 

Even the sky looks red on Mars, due to red dust in the 
alr. sometimes great dust storms develop, and about every 
ten years there 1s such a huge hurricane that the whole 
planet becomes engulfed in choking dust. Currents of air 
and very strong winds blowing at hundreds of kilometers 
an hour whip up the dusty surface into billowing clouds. 
When the storm dies and the dust eventually settles, it 
drifts to form lighter colored layers in some places. In 
other places, the dust is swept away to show the darker 
rock underneath. It is probably the winds that cause the 
changes in Mars’ appearance by moving the dust around. 


These three photographs show changes in the appearance 
of Mars. The white polar ice cap is largestat the left (21 
August197]). The center view was taken on 9 October 
1973, and only s1x days later (right photograph) the planet 
was partly obscured by a dust storm. These photographs 
were taken at the Lowell Observatory 
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The Surface ot Mars 


Like the Moon, Mars is pitted by many craters. These were 
created by meteorites that crashed onto the surface from 
space. Volcanic activity too has contributed to the scenery 
on Mars. In the region called the Tharsis Ridge, there are 
four, gigantic, extinct volcanoes. These mountains are 
called Olympus, Ascraeus, Pavonis and Arsia. Photo- 
graphs taken from orbiting spacecraft show many old lava 
flows, long since cold and solid. The Viking landers took 
pictures of rocks that have a bubbly structure. This type of 
rock is made from volcanic lava. When the lava becomes 
solid, gas bubbles leave small holes in the rock. 

Another dramatic feature is the Mariner Valley stretch- 
ing nearly a third of the way round the planet. It makes the 
Grand Canyon in Arizona look very small, being three or 
four times as deep, and long enough to stretch halfway 
across the United States. 
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Mars is an inhospitable place. This cold, dry world has 
an atmosphere that is very thin indeed compared with our 
air. The Martian air consists mostly of carbon dioxide, so 
it could not be breathed by people or animals. There is 
almost no oxygen, and people could not live on Mars 
except inside special space stations. 

We know now that there 1s no vegetation on Mars, not 
even simple plants such as moss and lichen. If there 1s any 
life at all, it must be in the form of a lowly plant life that has 
escaped detection. Most probably there is no life at all 
now, but it may have been very different in the distant 
past. Once, Mars had plenty of water flowing about in 
streams and rivers. We can see the old dried-up river beds 
and places where water has flooded over the surface. 
However, it must be a billion years or more since the last 
rain fell on Mars. In some places meteorites have made 


At the surface Mars Is a red desert, 
devoid oflife, witha scattering of sharp 
rocks. The sky has a pinkish color 
because of the dust that has blown into 
the atmosphere. 





craters on top of the water channels. Small, thin clouds can 
be seen on many of the Mars orbiter photographs, but 
these cannot make any rain. Long ago the Martian 
atmosphere was much thicker, like Earth's. However, 
Mars is small, only just over half the size of the Earth. Its 
gravitational pull is less than Earth’s and so the atmosphere 
has gradually drifted off into space. 

Today the only water on Mars appears to be in the parts 
of the polar ice caps that never melt. The frost that comes 
and goes each year is actually frozen carbon dioxide, 
sometimes called dry ice. Close-up photographs of Mars’ 
polar caps show a surprising effect. All round the pole, 
dark bands curve in spiralling patterns. These bands are 
valleys that are free of frost. Inside the valleys are rocky 
terraces revealing many layers of mixed snow and dust. 
The winds of Mars circulating around the polar caps have 
caused the valleys to be eroded away, and ridges left 
standing. Round the north polar region there is a giant 
ring of sand dunes. The red sands are constantly shifting 
on this dry, desert world. 


Part ofthe Mariner Valley, a vast chasm 
on Mars thatis in places 40 kilometers 
wide and several kilometers deep. 
Rivers, now dry, have cutdeep 
channels in the side of this valley. 
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Jupiter, Saturn, Uranus and Neptune are giant planets in 
the outer solar system. They have the major share of all 
the planet matter. The giant planets have over a hundred 
times as much material as the tiny planets circling the 
inner solar system. The outer giants are mainly made of 
light gases, such as hydrogen and helium, whereas the 
inner planets are made of rocks and iron. 

The solar system giants are considerably larger than the 
inner planets. Jupiter, for example, is eleven times the 
diameter of the Earth and it has a volume over one 
thousand times as large. These giants are not so dense as 
the Earth either, for their densities are closer to that of 
water than of rock. Saturn, in fact, is not even as dense as 
imp of Saturn matter would float on the sea 
All of the giants spin rapidly on their rotation axes, 
upiter taking less than ten hours to make a single turn 
| high-speed twirling makes the planets bulge out at 
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spacecraft cannot glimpse a surface beneath the thousands 
of kilometres of foggy gas. The same 1s true of Saturn, 
Uranus and Neptune: only the clouds can be seen 
Jupiter's clouds are made of a deadly mixture of methane 
(natural gas is methane), ammonia, helium, and water. The 
highest layer that we can see is made of frozen ammonl 
Traces of other gases color the dark cloud belts 

In Jupiter's atmosphere there are high winds. Ne 
equator the clouds dash along at 360 kilometres an hout 
The Great Red Spot is the most fantastic hurricane in the 
solar system which will keep blowing and twisting round 
for many thousands of years. Photographs taken by the 
American Pioneer spacecraft show the whirlwind inside 
the Red Spot 

lf Jupiter is carefully observed througn a tel 
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As Saturn orbits the Sun, the tlt of the 
rings Slowly changes. This is because 
we on the Earth see the rings froma 
steadily changing angle as Saturn 
moves along its orbit. 





It’s fun to watch the moons of Jupiter disappear behind 
the planet and then pop out again into the sunlight. Sharp- 
sighted observers have noticed that when lo emerges 
from the icy shadow behind Jupiter it looks brighter than 
usual for a few minutes. This is because ammonia ‘snow’ 
drifts down from Io’s atmosphere as it shivers on the night 
side of Jupiter. This brilliant snow reflects sunlight more 
strongly for a few moments before melting away in the 
Sun's rays. Io is coated in the yellow metal called sodium. 
This evaporates in the Sun's rays to form a deadly sodium 
atmosphere. 
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Twice in each 29-year orbit ti 
of the rings of Saturn cuts thre 
view line of Earth. At such time. 
rings are “edge-on forateu 
and they may seem to vanish 


The four large moons of Jupiter can be 
followed from night to night with a 
small telescope. On each night the 
arrangements different. By sketc! 
roughly the positions of these m 

on several successive night 

soon learn to identify each on 
Individually. lo changes position th 
fastest because it has only a two-day 
orbit. Callisto is the slowest. The 


positions over a typical five-day 
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Jupiter and saturn: 2 


Saturn is similar to Jupiter in many ways, except that it has 
a magnificent series of rings. Its mass is nearly one hundred 
times greater than that of the Earth, but almost all of this 
consists of gas and not rock. The cloudy belts are not so 
obvious as they are on Jupiter, but they certainly exist. 
Saturn has ten satellites. One of them, Titan, is nearly 
6000 kilometers across, which makes it the largest moon 
in the solar system. Titan also has its own atmosphere, 
made of methane and ammonia. 

Saturn has four rings in all. The innermost one is very 
faint and it almost touches the cloud tops. The bright outer 
ring is almost 140,000 kilometers in diameter. The gap 
between this ring and the next 1s caused by the gravity 
pull of the giant moon, Titan. This gap 1s called the Cassini 
Division. 

The rings lie at an angle to Saturn's orbit round the Sun. 


One effect of this is to vary the openness of the rings as 
seen from the Earth. Twice during Saturn's 29-year 
journey round the Sun we see the rings open to the fullest 
extent. Halfway between these wide-open positions we 
see the rings edge-on, and, except in powerful telescopes, 
they seem to vanish. This shows that the rings are only 
five kilometres thick. Distant stars shine right through them 
with hardly any dimming. 

Saturn's rings are made of myriads of tiny particles 
mostly only a few centimeters across. Each particle orbits 
the planet as if it were a tiny moonlet. By bouncing radar 
signals off these rings scientists have found that there are 
a few large boulders present as well as swarms of pebbles 
The rings may have formed at the same time as the ten 
satellites. Itis also possible that one moon strayed too close 
to the planet and got torn into tiny pieces. 





The giant planets contain a great deal of hydrogen. Far 
inside Jupiter there is a very strange world indeed. About 
halfway to the center the crushing weight of the planet 
causes the hydrogen to alter completely. Instead of being 
a gas it turns into a solid metal. 

Jupiter has a very large magnetic field stretching far 
into space. Charged particles emit radio signals when they 
fly through this magnetism. Radio telescopes can map out 
the magnetic cage surrounding Jupiter by picking up 
these radio signals. 

Another odd fact about Jupiter is that it sends out more 
heat than it receives from the Sun! This is because Jupiter 
is still shrinking, by about one centimeter each year. This 
shrinking releases heat energy. Jupiter would not need to 
be much more massive than it already is to turn itself intoa 
real star, shining by its own light. 


Radio telescopes map out the strong 
magnetic cage round Jupiter. [tis far 
larger than the Earth’s magnetic 
cage (magnetosphere). 









Pioneer 10, an American probe launched into deep space, 
obtained this stunning view of Jupiter. At lower left is the 
Great Red Spot. The dark disk is the shadow Of lo cast by 
sunlight. 
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The Outer solar system 


Beyond Saturn lie Uranus, Neptune and Pluto, three 
planets unknown in ancient times. The great astronomer 
William Herschel found Uranus on 13 March 1781. Although 
Herschel had intended to work as a musician he found 
astronomy fascinating. He taught himself about the skies, 
and then in 1773 he made his own reflecting telescope. 
With this he started to look at the stars. As his enthusiasm 
and knowledge grew, he built larger and larger tele- 
scopes. His sister Caroline helped him to search the skies. 

Herschel decided to make a survey of the stars and to 
note down their positions and brightnesses. During one of 
these careful searches he found an entirely new planet. 
This greatly surprised scientists who had not suspected 
that there were any further planets. Herschel wished to 
name the new planet after King George Ill who then 
reigned in England. Eventually, however, it was agreed 
to call the planet Uranus. This choice was made because in 
mythology Uranus is the father of Saturn, and Saturn the 
father of Jupiter. Herschel made many important observa- 
tions of stars, galaxies, and nebulae in addition to finding 
the planet Uranus. 

Astronomers located Neptune in 1846 after a remarkable 
piece of detective work by mathematicians. After many 
years of careful observation, Uranus puzzled observers. 
It did not keep to the path around the Sun that astronomers 
thought it should on the basis of Newton's law of gravity. 


something kept knocking it off course! A young Cam- 
bridge mathematician named John Adams and a French- 
man, Urbain Le Verrier, both realized that another planet 
might be tugging Uranus to one side. These wizards com- 
puted where the unseen planet must be. Adams had no 
luck in persuading the Cambridge professor of astronomy 
to make a quick search. Instead, an observatory in Berlin 
worked on Le Verrier’s calculations. In 1846 they found a 
new dot of light in the constellation Aquarius: planet Nep- 
tune had been found. 

soon Neptune started to go off course as well. Could 
there be yet another planet further out that was pulling 
Neptune to one side, astronomers wondered? In 1915 
Percival Lowell worked out where it must be but nothing 
could be seen. Then, in 1930, Clyde Tombaugh found the 
ninth planet, almost by accident, after a long search. He 
named it Pluto. 

Every so often, newspapers report that someone has 
predicted the existence of a tenth planet out beyond 
Pluto and even calculated where it must be. All these 
sensational claims eventually turn out to be based on 
wrong calculations. Planetary scientists now believe that 
there cannot possibly be a large unknown planet in oul 
solar system. If it really existed we should by now be well 
aware of its gravity pull on the other planets. 








Of course, there may be countless millions of tiny 
objects a long way off, all ioo far away to show in tele- 
scopes. For example, in 1977 a rock several hundred 
kilometres across was discovered to be drifting along 
beyond the orbit of Saturn. But this isa new type of asteroid 
rather than a genuine tenth planet. Astronomers have 
decided to name this far-flung asteroid Chiron. 

Uranus has a diameter four times larger than Earth and 
it takes 84 years to orbit the Sun. Occasionally you can just 
about catch a glimpse of Uranus with the naked eye ona 
very dark night if you know exactly where to look. With 
an up-to-date chart of planet positions you can find it with 
a small telescope. 

One odd feature about Uranus is that it is a planet lying 


on its side. The rotational axis is tipped over at an angle of 


98°. This means that the seasons on Uranus must be very 
strange indeed. For several Earth years the Sun does not 
shine at all in one hemisphere, while the other is weakly 
bathed in sunlight. 

In 1977 Uranus passed across the sightline to a distant 
star. All round the world, and even in a high-flying ai 
craft, astronomers trained their telescopes on Uranus to 
watch the planet eclipse the star. But they got a great sul 


Uranus probably has five necklaces of 
boulders circling round it. This ring 
system 1s very much fainter than 
Saturn's and itcannot be seen in even 
large telescopes. 


Five moons orbit Uranus. 





prise, for the starhght was blotted out several times before 
the planet actually cut across the line of sight. What had 
happened was this: Uranus must have a system of five 
rings that are invisible to our telescopes. Perhaps they are 
made of large boulders rather than sand and grit. As the 
planet and its rings tracked along against the distant 
background of stars, the ring-boulders blacked out the 
Star for a fraction of a second. In addition to this ring 
system, Uranus also has five moons. 

Pluto is a small world about 6000 million kilometers 
from the Sun. The orbit is an ellipse that crosses Neptune's 
path. By 1989 Pluto will actually be nearer to the Sun th 
Neptune and will continue to be so for some years. Afte 
this, it Swings out again and will reach the greatest dis 
tance in about the year 2100 

We don't know very much at all about Pluto. It 1s pro! 
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After Herschel found Uranus, astronomers all over Europe 
swept the skies to search for more planets. The discovery 
of another planet would bring instant fame, and this 
spurred on the quest. Furthermore, a mysterious property 
of planet orbits, known as Bode’s Law, seemed to show 
that somewhere a planet was missing. 
In 1772 Johann Bode publicized a number game first dis- 
covered some years earlier. The number game works 
like this: start by writing O and 3, and then add to the string 
of numbers by doubling the previous number. This gives 
the list of numbers 0, 3, 6, 12, 24, 48, 96, 192, and 384. Now 
add 4 to each, making instead the series 4, 7, 10, 16, 28, 52, 
100, 196, and 388. The table now shows a truly remarkable 
fact: if we take the number 10 to represent the Earth's 
distance from the Sun, then the number game correctly 
predicts most of the other distances. But in Bode's time 
there was a gap between Mars, at 16, and Jupiter at 52. 
This vacancy at number 28 seemed convincing evidence 
that an unknown planet lurked somewhere between Mars 
ind Jupiter 
On 1 January 1801] G. Piazzi discovered a new object 
between Mars and Jupiter. He was actually making a list of 
Stars when he spotted an extra object. Further observa- 
tions showed that 11 was moving along an orbit between 
Mars and Jupiter, and that this orbit fitted well to Bode’s 
number game. The object was named Ceres, but it is only 
100 kilometers across and thus does not qualify as a real 
planet. So the search continued and, instead of locating a 
t inet, it revealed a swarm of minor planets, or 
ising round the Sun between the orbits of 
Today there are many thousands to keep 
being found all the time 
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Phobos, a moon of Mars, is very simular, perhaps, toa 
small asteroid. It has many craters, the scars of past 
encounters with meteoroids 


Johann Bode’s planet number game 


Bode's series Actual distance from Sun 
Planet of numbers with distance as 10 units 
Mercury 4 4 
Venus d ; 
Earth 10 10 
Mars lt 15 
(Asteroids) 22 (25, 4 
Jupiter 3) 3 
Saturn 100 95 
Uranus 196 | 
Neptune 10) 
Pluto 8 Q4 


The asteroid orbits criss-cross the 
solar system, although most of them 
are between Mars and Jupiter. A few 
dozen of them, called the Trojans, 
track along the orbit of Jupiter. 


At one time, people believed the asteroids to be the 
wreckage of a planet. However, the total amount of 
material in the asteroid belt is less than one-hundredth the 
Earth’s mass. In all probability, the asteroids are the 
remains of material that got left over when the nine 
planets formed about five thousand million years ago. 

some idea of what an asteroid looks like is given by the 
photographs of Phobos and Deimos, the two midget 
moons of Mars. Close-up cameras have revealed details 
only afew kilometers across. Each mini-moon is sprinkled 
with small craters and sharp ridges. If you stood on an 
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asteroid of this size—say 20 kilometers in diameter—the 


shghtest movement would send you drifting into space 
because lts gravity pullis very small. 

In the far future, people may try to colonize the asteroid 
belt by constructing giant space stations on the large 
asteroids. The space stations would be totally seli-sup 
porting and thousands of people would live in each o! 
Rocket motors would deflect the asteroid colonie: 
warmer parts of the solar system. The col 
sell rare minerals to the people on Earth and bean 
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omets 


About every ten years or so, you might see a bright comet 
trail across the sky. A good bright comet will remain 
visible for several weeks. Astronomers know of hundreds 
of comets. About two dozen of these visit our part of the 
solar system each year. Hardly any of them get bright 
enough to view without a telescope. The rareties that do 
blaze forth are among the most splendid sights in the 
heavens. 

When a comet first comes along it looks like a fuzzy 
patch of light. Nightly it grows brighter as it heads along 
its path towards the Sun. Many comets grow a shimmering 
tail, which is so transparent that stars shine right through 
it. Sometimes the tail splits into two or more parts. 

In the past people often feared that a comet would bring 
bad luck. Sometimes they were right! Halley's Comet 
appeared in 1066, at the time of the Norman invasion of 
southern England. In 1812, Napoleon's mighty army had 
to retreat from Russia, soon after the great comet of 18] 1] 
blazed through the skies. In fact these were Just coincl- 
dences; comets are journeying harmlessly round the Sun 
ind they have no influence whatsoever on Earth. 

Records of comets go back for thousands of years. Some 
comets are regular visitors. Halleys Comet has been 

ming round every 76 years or so since before the birth 

f Christ. We shall next see it in 1986. Unfortunately, the 
‘wing conditions for Europe and North America are not 
ted to be good, but in Australia and New Zealand 

mets come from the furthest parts of the solar 
| ng past the Sun in just a few 
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As acomet moves on its orbit round the Sun, the tail 
changes In size and direction. It always points away from 


the Sun. no matter which direction the comet travels in, on 


account of the pressure of sunlight and the solar wind 
both of which push the tail away from the Sun 


gas and dust to increase. In this way the tall grows In S1Zé 
Then, after passing the closest point of the orbit to the Sun 
the action starts to decline and the tall shrinks 
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Comet West trailed across the sky In 
1975, displaying a beautiful fan-shaped 
tail as it did so. This comet could be 
seen with the naked eye. Brilliant 
naked-eye comets are rare sights 
indeed, anda great many comets can 
be viewed only with powerful 
telescopes. 
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Meteors: 
Visitors 
[rom space 


Our spaceship Earth cruises round the Sun ata speed of 30 
kilometers per second. It collides continually with streams 
of pebbles, chunks of iron and space dust. Fortunately, we 
have a superb shield against this barrage. Our life-giving 
atmosphere also protects us from the missiles of space. A 
stone, or fragment of iron hitting the upper part of the 
atmosphere is boiled away to smoke by friction as it 
whizzes through the air. 

Most of the fragments that reach the surface of our 
planet are no bigger than pinheads. Yet, every day, they 
add another 1000 tonnes to the mass of the Earth! Several 
thousand million specks of grit enter the atmosphere daily. 





A very tiny number of these make trails bright enough to This large iron meteorite fell to the 

see with the naked eye as they burn up. Perhaps sometime ground thousands of years ago near tc 
u have seen a shooting star flash through the sky. In fact Grand Canyon, Arizona. itis chained t 

the shooting stars are high-speed stones. the ground, but this precaution 
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The bits and pieces of rock drifting through space are 
called meteoroids. An object that actually crashes right 
onto the surface of the Earth is a meteorite. The streak of 
light in the sky that a burning meteoroid makes—the 
‘shooting star''—is just called a meteor. Fireballs are 
extremely bright meteors. Only a few of these are sighted 
each year, but if you are lucky enough to see one, itis a 
splendid spectacle. 

The meteoroids in space orbit the Sun just as the planets 
do. Sometimes the Earth brushes through a great swarm 
of meteoroids. Most of these swarms travel along the old 
paths of dead comets. Apparently, the comets leave trails 
of stones behind them! When the Earth crashes througha 
swarm, a wonderful display of meteors occurs. In a good 
shower there may be a meteor about every minute on 
average. Exceptionally, hundreds may come in an hour. 
In a meteor shower the bright trails all radiate out from 
one part of the sky. The table shows the dates when Earth 
passes through meteor streams. The Leonids gave the 
greatest display recorded in history in November 1833. 
In this celestial firework show spectators saw a thousand 
meteors every minute. 

When an average meteorite hits the ground, a few kilo- 
grams of fragments will be collected. These are eagerly 


A lump ofiron as large as an apartment 
block smashed into the Arizona desert 
30,000 years ago and left this crater 
near the town of Winslow. In the /ast 
century, a mining company tried to 
recover the iron by tunnelling down 
beneath the crater but they found 
nothing significant. The Earth has 
hardly any major meteor craters. Our 
atmosphere provides a barrier for 
many meteorites, and the craters that 
formed millions of years ago have been 
erased by weather and water. This 1s 
notsoon the Moon and Mercury, 
where craters that are billions of years 
old are Still plainly visible. 


examined by scientists to see what they are made of. About 
nine-tenths are stony and one-tenth of them are made of 
iron and nickel. 

Sometimes, very large meteors crash onto the Earth 
with spectacular results. About 30,000 years ago an iron 
meteor 25 meters across hit the Arizona desert. It impacted 
at 15 kilometers per second. An earth shattering explosion 
left a crater 220 meters deep and 1!/, kilometers across. 
This crater is a major tourist attraction. Fortunately, such 
large meteorites are extremely rare. Nobody has ever 
been killed by a meteorite. 

There are so many meteoroids in interplanetary space 
that delicate space instruments must be protected. It is not 
possible to make a small spacecraft withstand the rare 
chance of a crash with a large rock, but the fine dust is 
prevented from causing damage by the use of shielding. 

In tropical countries particularly, itis possible to see the 
dust in interplanetary space. The dust is mainly concen- 
trated in the plane of the solar system, which lies along the 
zodiac. Sunlight is dimly reflected from this dust. At sun- 
rise or sunset, a cone of faint hght can be seen near the 
horizon and along the zodiac. This is called the ‘‘zodlacal 
light’ or ‘‘false dawn’', and is most readily seen in the 
tropics on a moonless night. 











Oursun 


The Sun, our daytime Star, is an ordinary member of the 
starry skies. It is just one single star out of the one hundred 
thousand million that make up the Milky Way. From a 
distance of many billions of kilometers, the Sun would 
look like any other common star. Although there are many 
strange and unusual Stars in the heavens, the Sun is not 
one of them. 

To the plants, animals, and peoples of Earth the Sun is 
unique because it is near to us. Every living thing on the 
Earth owes its existence to the fact that the Sun keeps 
shining and has done so for five thousand million years. 
The energy we get now from the burning of coal, oll, 
wood and natural gas was once sun-energy. These fuels 
are the remains of plants and animals that grew in the 
warmth of sun-energy millions of years ago. The nearest 
star apart from the Sun is 300,000 times further away, and 
the weak star-energy we receive from it cannot possibly 
replace sun-energy 

Our Sun is far larger than the Earth and also a great deal 
more massive. A hundred earth-planets placed side by 
side would stretch from one side of the Sun to the other 
Its volume is one million times greater than the Earth and 
the mass 330,000 times as much 

The distance from Earth to Sun is about 150 million kilo- 
meters. Light and heat take eight minutes to race across 
interplanetary space and reach us from this distance. 
Although this seems a great separation, only a handful of 
Stars exists within a million times this distance from the 

‘tem. For this reason, we can find out more about 
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Centigrade. A grain of sand that hot would fry a persona 
hundred kilometers away! 

As little as a century ago educated people firmly he- 
lieved that the Sun was nothing more than a flaming ball of 

e 
for a million years before becoming a heap of ashen dust 
Geologists have shown that the Earth is thousands of 
millions of years old, and that the Sun has shone through- 
out that time. In the 1930s physicists showed that the Sun 
and stars are powered by nuclear reactions. 

The gas inside the Sun is three-quarters hydrogen, the 
lightest gas. Deep inside the hot Sun, hydrogen atoms 
crowd together. In the jostling a group of them collides sc 
violently with another group that they fuse together and 
make a completely different substance, helium. In each 
and every second, 700 million tonnes of hydrogen trans 
form into helium. A small part of this mass of material 
vanishes in the process and reappears as pure energy. In 
one second, the Sun’s mass falls by four million tonnes. In 
fifty million years the lost mass is equal to the mass of the 
Bar th. 

Flashes of energy burst forth as the hydrogen turns t 
helium. The great density of matter traps the ene 
flashes inside the Sun. They wander through the interi 
for a million years or so before reaching the surface. The 
energy, then streams off into the blackness of space and 
within another million years some of It 1s half way t 
nearest great galaxy beyond the Milky Way. If tl 
heat processes stopped right now, it would be 
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The Sun's blinding light will hurt your eyes permanently 
if you stare at it. No one should ever look at the Sun 
through any type of magnifier, field glasses or a telescope. 
The cheap filters sometimes sold with small telescopes are 
likely to crack and they may not cut out the dangerous 
invisible rays. Take our advice: destroy any solar fhiltey 
supplied with the telescope so that no one will be tempted 
to use it 

Even astronomers do not look through their telescopes 
directly at the Sun. Special instruments fitted to solar 
telescopes allow them to follow the behavior of the Sun. 
Information gathered by solar observatories may one day 
ald long-term prediction of the weather 


The Sun is the nearest star and can be 
observed in far more detail than 1s 
possible for any other star. It has a 
variety of surface features. Dark 
sunspots come and go; flaming arches 
of gas leap far into Space; and solar 
flares may flash out brilliantly for a few 
moments in the active regions. The 
yellowy surface of the Sun is called the 
photosphere. It marks the transition 
between the immensely hot and 
opaque inside of the Sun, and the thin 
transparent atmosphere that allows the 
sun-energy to stream into the 
blackness of space. 


This large telescope at the Kitt Peak 
National Observatory in Arizona 1s 
used by solar astronomers. The 
diagonal tower runs underground fo! 
a considerable distance, so the 
telescope is actually larger than the 
structure seen here. 











spots on the sun 


The Sun is far too hot to have any kind of solid surface, and 
the yellowy disk that we see 1s actually the topmost layer 
of glowing gas. Above this layer is the cool zone of trans- 
parent gas called the chromosphere. Solar astronomers 
use photographs taken with special telescopes to study 
the gaseous surface. Frequently, the photographs are 
made with filters that isolate the light associated with one 
particular type of atom, such as hydrogen or calcium. In 
this way it is possible to select for research individual 
parts of the Sun's surface. 
A photograph taken under very good observing condl- 
tions shows that the Sun's surface has a mottled or bubbly 
appearance. Glowing speckles of gas jostle for attention, 
with darker spaces snaking between them. New flecks 
ns pear, and then, after afew moments, dissolve 
away again. Each of these bubbles is generally as large as 
the British Isles. They are, in fact, gushers of hot gas 
shooting up from just inside the Sun. The yellowy layer is 
somewhat like the surface of a gently boiling pan of milk 
Dark | thes called sunspots were noticed even in 
The largest ones may stretch across one 


third of the visible disk, which 1S an enormous thirty times 
ater than Earth's diameter. These giant sunspots are 
put Gee the naked if ef 

if 1} I 2T ata 
T) t t Sun it unspots with any 


with a sturdy tripod then you can try to project an image of 
the Sun on toa piece of white card. Witha little practice you 
can learn how to make a sharp image of the Sun in this way 
sunspots will appear as greyish specks. Ifa record 1s kept 
of the positions of the spots on several successive days 
you will soon see that they change in size and shape, and 
that the Sun itself slowly rotates 

Sunspots look like holes in the flery surface of the Sun 
In fact they are areas which are about 2000 C cooler than 
the surrounding surface. This makes their temperature 
roughly 4000°C. Now something that hot is actually ex 
tremely brilliant: sunspots only /ook dark because they 
are cooler and dimmer than the rest of the Sun. If one 
could be plucked from the Sun and examined separately 
it would seem as bright as the full Moon. 

How are sunspots caused? The Sun's very strong mag 
netism probably bursts out from the inside of the Sun, and 
a pair of spots is created at those two points where the 
tangle of magnetism leaves and subsequently re-enters 
the Sun. Small spots vanish in a matter of hours but the 
larger ones may remain for several weeks belor 
disintegrating. Small spots are 3000 kilometers across 
most spots are more or less as big as the Earth, and huge 
spots span 150,000 kilometers 

By watchin 
seen from Earth the sj OS lake abDoul co Gays" 
complete circuit near to the equator, whereas near tn 
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poles they need 40 days. This difference in rotation proves 
that the Sun cannot be a solid body like Earth: if it were, all 
the spots would be carried round in the same time. If you 
try keeping track of spots it's fun to see if one 1s still there 
two or three weeks after vanishing round the back. 

Records of sunspots for the last three hundred years 
show that the number of spots and their size varies on a 
cycle lasting for around eleven years. The number of 
spots steadily increases for five or six years; then there isa 
decline in numbers for the following four of five years. 
At the end of the cycle, there may be no spots at all for 
many months until the new cycle gets going. Vast changes 
in the Sun's magnetism probably cause this variation in the 
sunspot numbers. Many other aspects of the Suns be 
havior change through the cycle, and this probably 
affects in turn the weather on Earth. 

Sunspots can interfere with radio communications 


A solar storm rages close to sunspots, 
producing flares of white light. 


Electric particles are flung into space by flares and erup- 
tions near the sunspots. The solar electricity stirred up in 
these storms changes the upper part of our atmosphere. 
At such times, fadeout of long-range radio signals may be 
noticed. 

The chromosphere, the cool layer of atmosphere above 
the yellow surface, can only be seen readily during total 
eclipses. The temperature in this thin layer is 4500 de- 
grees. Above the chromosphere we come to the intensely 
hot and invisible corona, where the temperature soars to 
an amazing one million degrees Centigrade. The gas in 
the corona is boiling away into space. The rush of gas 1s 
termed the solar wind. 





Simon Mitton projects the image of the Sun onto a piec 
card held beyond the eyepiece ofa small telescope. Evel! 
on the lowest magnification small spots can b 
if you use this safe method to view the Sun. AS! 
cardboard resting on the eyepiece Is used f 
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Actiononthesun . 


Sometimes great storms erupt in the Sun's atmosphere. 
Extra-hot gases swirl and boil up from below and then 
stream high above the surface. Near to sunspots, a type 
of solar storm known as a flare may burst out. A flare is a 
spectacular release of energy in the chromosphere. A 
vast region switches on and off in a series of spectacular 
flashes, each one like an enormous lightning stroke. In 
only five minutes, the flare spends all its energy and then 
everything is over as far as the Sun 1s concerned. 

The flaring activity flings large clouds of electric 
particles away from the Sun. These travel at millions of 
kilometers per hour. After about two days, the particles 
reach the vicinity of the Earth. Some of them are funnelled 
in towards the polar regions of the Earth. This is because 
the Earth is magnetised in the same manner aS a giant bar 
magnet and the electric particles from the Sun are guided 
by the magnetism. The magnetism is strongest at the north 
and south poles. As the electric particles are drawn down 
into these regions, they strike the gases in the upper part 
of the atmosphere. This makes the air glow and emit the 
beautiful light displays known as the aurora. 

The finest auroral displays take place two years after 
maximum sunspot activity. When the aurora is very active, 
it may be possible to see it from southern Europe or the 
southern United States. Normally, however, it is only seen 
further north. A flight in a passenger aircraft across the 
Atlantic Ocean at night may provide a chance to see 
stunning displays as the aircraft passes close to Green- 
In Australia the southern aurora is rarely seen. 

s able to shield us from the worst blasts of high- 
ected from the angry face of the Sun. 
orotects us with an invisible magnetic 
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light. The corona has tangles of magnetic held running 


through it. These zones of extra maaqnetism may Ss! 





This X-ray image shows the uneven 


structure of the Sun's outermost layers. 


Farth’s magnetic cage, o} 
magnetosphere, protects us from 
deadly blasts of solar particles 








Beautiful auroral displays area direct 
result of the collision of particles from 
the.Sun with the upper layers of oul 
atmosphere. 








The stars 


Each twinkling point of light in the night sky is really a 
distant sun. Our Sun seems very Special to us because we 
depend onit for ight and warmth. In fact, itis only one very 
ordinary star in a vast population. Even through a tele- 
scope the stars still appear merely as points of light, 
although with a telescope many more Stars can be detected 
than can be seen by eye alone. But the stars are so much 
further away from us than the Sun that even the world’s 
largest telescopes are unable to discern the surface 
features of the nearest ordinary stars. Only in the case ofa 
handful of giant stars can the telescopes vaguely make out 
the disk of the star. Sometimes Star images in telescopes, or 
on photographs, do indeed look like disks, but these are 
distortions to the true point image caused by the telescope 
and the Earth's atmosphere. 

Since it’s so hard to ‘‘see"’ any Star, all of them must be at 
jreat distances compared to the Sun and planets. The 
earest star to our solar system. Proxima Centaur, 1s over 

ir light years away. A light year, of course, is the dis- 

tance covered by a ray of light in one year. Since light 
travels at 300,000 kilometers every second there are ten 
n n million kilometers ina light year. The hght yearisa 
t for marking out large distances 1n astronomy 

[he distances to the nearer stars are found by watching 

y in which they change their positions shghtly 

t the background of more distant stars during the 


rey f the year. This relative change of position 1s 
You can see the effect fo! A urself aS you 
; in a bus or train. Objects close to you flash 
RANT ho ; objects further away can be 
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the star to determine its properties. In particular, if the 
true output of hght from a star can be deduced then a 
measurement of the quantity of light that we actually 
receive from the star tells us how far the light has travelled 
and spread out. 

The stars are not spread out evenly throughout all of 


space. Our Sun and all the stars that can be seen by eye 
belong to a giant disk-shaped collection of a hundred 
thousand million stars. This giant family of stars 1s out 
Galaxy, 100,000 light years (one million million million 
kilometers) from side to side. Beyond the edge of our 
Galaxy, space is totally devoid of stars until the nearest 
other galaxies are reached. 

Some of the stars in the Galaxy are alone, hke our sun 
but many are linked in double, triple, and quadruple 
systems. Stars also form larger groupings called clusters 
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Betelgeuse 


The relative sizes of some well-known Stars are compared. 
Supergiant stars are so large that they could swallow up 
the inner solar system. 








Two quite distinct kinds of cluster are found: open clusters 
and globular clusters. The open clusters are rather loose 
collections of stars, about one thousand in all. Many indiv1- 
dual stags can be picked out mm an open cluster. For 
example the Pleiades (Seven sisters) in the constellation 
Taurus is a good group for you to find. Several of the stars 
can be seen without a telescope, although the misty patch 
of hght becomes a hundred twinkling stars with field 
glasses. Globular clusters are different from open clusters. 
They are tightly-packed balls of stars, with up to a million 
members. In this swarm, only stars at the edge can be 
picked out individually. Two globular clusters, one in 


blobs in the southern skies. 

stars do not appear to be equally bright in the night sky 
The range of star brightnesses is partly due to the fact that 
the stars are scattered and not all at the same distance 
from us, and partly because all stars are not giving out the 
same amount of light. Stars cover a whole range of sizes 
temperatures and masses, and they vary in thelr colors 
too. The most massive stars are the hottest and they are 
large, shining blue-white. The yellow Sun is a smallish 
star, calleda dwarf. Cooler, redder stars are even smaller 
than is the Sun. The giants among the stars have puffed 
Cut to become many times larger than they once were 
Really immense Stars are called supergjianis. 

The patterns of the stars in the sky will not change 
noticeably in a lifetime, yet the stars are in motion. Ove! 
many thousands of years the constellation shapes do 
change. Yet we can barely detect the star movements even 
with telescopes because they are so far away. Very careful 
measurements have to be made on pnotograpns taken a 
few years apart. such measurements show tnat our starry 
Calaxy is a great swirling mass, a wheel olf stars turning 


slowly | S| age 








The Message of ae 


How insignificant each speck of starlight seems against the 
blackness of the night! Yet, each tiny beam is packed with 
information about its sender. Astronomers have learned 
how to read the messages in starlight. Starlight tells us 
what the stars are made of, how big and hot they are, and 
how they are moving. 


Before the information in starlight can be understood, 
has to be decoded. First of all the light from a star is co 
lected and concentrated by a telescope. Next, a speci Bl 
instrument on the telescope analyzes the light. The instru 
ment is called a spectrograph. Finally, the result is stored 
as a photograph or on computer tape 





The telescope that took this photograph ofa cluster of 
Stars had a prism placed across the front. Instead of 
ippearing asa pointoflight, each star 1s drawn out into 
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The spectra of the Sun and Star. 
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A beam of white light, containing a mixture of light waves 
of different sizes, falls on one side ofa glass prism. The 
prism has the effect of splitting the beam into the various 
colors making up the light. The results 1s a familiar band 
of rainbow colors. 


Light is often described as consisting of ‘ight waves”. 
Light does indeed travel in the form of waves, but these 
waves are so small that thousands fit into a millimeter. 
Light waves are energy waves and they can travel through 
the total emptiness of space. Animals use their eyes to 
detect light waves. We can see things that give out their 
own light energy, such as the Sun, the stars or an electric 
light bulb. We can also see objects that reflect hght, such 
as our own bodies and the planets. Light waves come ina 
whole range of sizes. Some are longer, some shorter. We 
can tell the difference between light waves of different 
sizes because we see them as different colors. 

Different mixtures of light waves give us an infinity of 
shades from which to choose. The hues of the rainbow 
show how waves of different sizes have different colors. 
Red light has the longest waves, and purple light the 
shortest. A rainbow is caused when the Sun's light shines 
through falling raindrops. The blobs of water are able to 
split the sunlight up into its range of colors—into what is 
eaneo a Specirum. 

A spectrum can be made from any beam of light, without 
needing rain. A glass prism in the path of the hight beam 
will split it up into its rainbow colors. Another way of 
getting a spectrum is to use a piece of flat glass with many 
lines engraved close together, which is called a grating. 

Inside an astronomer’s spectrograph, a prism or a 
grating splits the starlight into its range of colors. The 
colors are in varying proportions from the different kinds 
of stars. Cool stars, for example, are sending out more red 







light than blue or purple. That 1s why they look reddish in 
the sky. Hot stars emit more evenly through the spectrum. 
All the colors combined look white or bluish. 

At some particular colors there are narrower gaps ina 
star's spectrum where there is very little light. The gaps 
look like black lines cutting across the continuous back- 
ground rainbow. They are called absorption lines. These 
lines are very important because the number and posi- 
tions of the lines réveal what gases are present in the 
stars. Different gases absorb different colors as the light 
leaves a star. Each type of gas puts its own ‘‘fingerprint™ 
of black lines into the spectrum, and this allows particula1 
gases to be identified. From the study of absorption lines 
we have learned that stars are made mainly of hydrogen 
The rest of the material, about a quarter, is hehum. Many 
other elements such as oxygen, silicon, iron, and nickel! 
make up only one per cent of anormal star. 

Human beings have evolved on the Earth, bathed in sun 


light. As a result, our eyes are most sensitive to the rang 
of light colors emitted by the Sun. However, there are 
other kinds of ‘‘light’’ which our eyes cannot detect. | 
kind of radiation has been givena different name, ! 

are all really like light, except that each has waves Of a 1 
ferent size. Gamma-rays, X-rays, ultrav | | 
microwave and radio waves, are all part of tl 
electromagnetic radiation. All these ty} fra 


picked up from various objects in space, | 
telescopes have to be used. Our eys ae 
the range of visible hgnt 





Double Stars 
and Varlable stars 
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Our Sun is a solitary star, over four light years from Its 
nearest neighbor, but many of the stars in the sky are 
actually double. The two stars that make up a double Star, 
or binary star, are held together by the pull of gravity be- | \ 
tween them. The planets in the solar system travel in orbits \ ae : 
around the Sun each held by the Sun's gravity. Ina binary \ \ 
star, each member 1s 1n orbit around the balancing point , 
between the two. Closely-spaced pairs of stars may take | - 
only a day or two to complete their circuits. Distant pairs 
may take over a hundred years! 
some double stars can be detected easily with a tele- 7 
pe. Both stars can be seen, and over a period of time, 
ne seems to travel around the other. But only the pairs j ~ ee 


separated by large distances are directly observable. Inadouble starsystem, each membe) 
. palrs cannot be S] lit apart into two Star images, even travels inits ownorbit around the 
n the largest telescopes. However, astronomers can tell balancing point between them. Eac! 
here are actually two stars very close together by orbitis an ellipse. The two Stars alway 
KWId ala ; ‘ey trum. AS the stars circu their orbits. ket DP ¢ I? j/9) 81: SLE side SO} the vlan ¢ 


there 1s a regular cycle of changes in the spectrum. From pointas they swing around, Just liK 
the study of this spectrum it 1s possible to find out what pair of ice SKater: 


bles, there are star systems with three or 
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This variable star puffs in and out with a 
regular cycle ofa few days. As ils size 
changes, its brightness changes too. 


= _— The members ofan eclipsing binary 
\ system pass each behind the other as 
| they move in their orbits. The amount 

of light that we can see dips during 
each eclipse. In this example the tw 
stars have different sizes and 
brightnesses. The biggest dip In 
brightness comes when the smalie1 
fainter star blots out part of the large) 
and more /uminous Sta? 


Eclipsing stars are not the only ones whose light output 
varies. There are many other kinds of variable stars. some 
of them change in a very regular way. The Cepheid 
variables, named after a star in the constellation of 
Cepheus, are an example. These stars actually swell and 
shrink quite regularly. As they ‘breathe’ in and out, 
their brightness rises and falls. Other variables are less 
well-behaved. Some that are usually dim unexpectedly 
flare up every now and again, gradually fading to their 
former level after each outburst. Others do the opposite 
and without any warning decide to become fainter than 
they usually are. The variables are older, giant stars. They 
are well on into the later part of their life-time. The forces 
that normally keep stars like the Sun shining steadily have 
got out of balance, causing the stars to be uncertain about 
their brightness. 
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The Lite ofastar 


Over the human lifespan, the countless stars of the Milky 
Way seem practically changeless. Occasionally, a nova 
flares suddenly to change the pattern of a familiar constel- 
lation for a few weeks, until once again it has faded into 
insignificance. Rarely, even a supernova blazes forth like 
the one in AD 1054 that left behind the Crab Nebula. 
Variable stars flicker with uncertain hght. 

The stars do eventually alter. Nothing in the Universe 
lasts forever. A coal fire dies when the last embers turn to 
ash. A star dies when its huge store of nuclear fue! is 
finally exhausted. Even today old stars are fading out, 
while new ones are being born to replace them. We can 
see Stars 1n all stages of evolution, from infancy to old age. 

Very young stars are found still embedded in the gas 
from which they form. The first faltering light from brand 
new Stars has been seen in the Orion nebula, for example. 
Our own Sun is somewhere comtortably settled in mddle 
ige. Some of the oldest stars that are known are in the 
jlobular clusters 

Perhaps you wonder how it 1s possible to work out the 
ages of the stars. Nobody can follow the progress of a 
single star from birth to death. However, imagine that you 

never before seen a tree and are suddenly trans- 
ported to the middle of a forest. There you will see trees in 
state of development from seedlings to gnarled 


jlants. Knowing a little biology, you would soon work out 
| fa tree. In a similar way, from the laws of 
bservations of stars of different kinds 
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After a star has formed, it soon settles down to a steady 
existence. Nuclear reactions in its innermost core conver 
hydrogen to helium, releasing energy at the same time 
Eventually, all the hydrogen in the interior is consumed 
Changes then take place in the star's internal balance. The 
outer layers puff out to give the star giant proportions, 
while new reactions, working on the helium, start up 
inside. More changes occur and the star will go througha 
phase of being variable. Ultimately, there 1s no possible 
source of energy left. Smaller stars shrink into white 
dwarfs. Massive stars blow up as supernovae. The material 
blasted out by a supernova becomes part of the interstellar 
gas, the birthplace of anew generation of stars. 

One of the last stages in the lives of stars, before they 
become white dwarfs, produces some of the most fas- 
cinating objects in the sky. These are the planetary nebu- 
lae. Their regular shapes and beautiful colors make them 
very attractive. (In reality they are nothing to do with 
planets. The name is a relic from early telescopic obser- 
vers who thought their disk shapes looked simular to 
planets.) A planetary nebula is formed when the star at the 
centre throws off a layer of itself. The shell of gas travels 
outwards, hkeasmoke ring, but in three dimensions 
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star Deaths 


Throughout its life a star is a battle arena. The force of 
Jravity tries to crush the star in on itself, but this inward 
shrinking 1s resisted by the outward pressure of the star's 
material. Eventually, however, the star becomes ex- 
hausted. Gravity takes control and the star takes on a form 
quite unlike that of normal healthy stars such as the Sun. 
A large star may even disappear altogether by turning 
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into a black hole lost in space. 

The force of gravity always attracts: it wants to pull 
particles of matter closer together all the time. We 
humans experience weight because the mass of the Earth 
tugs at the mass of our body and we feel a force. Every 
itom of the body 1s attracting all other atoms by gravity. 





normal star 


since a normal star is very massive, perhaps being a 
million times more massive than Earth, its internal gravita- 
tion is high. Try to imagine what it’s like inside the Sun: at 
ne-tenth of the distance from the outside to the core the 
ressure 1s already a million times higher than atmos- 
pheric pressure at the surface of the Earth. Halfway in it 
rises to a thousand million atmospheres. This crush is 
resisted by the pressure exerted by the hot gas inside the 
oun. The gas is kept heated by the nuclear furnace. 
lear hres nnally dwindle, the star gas cools 
ivity 1s in command. What happens at this 


j Star similar to the Sun collapses until it is about 
Earth. No really spectacular explosion 
ist lalls into a heap of radioactive ash and gently 


ned into a white dwarf star. A cupful 


re massive than the Sun, the 

t past the white dwarf stage. The 

top until tne star is ten kilometers 
lense ball of nuclear particles. A 







































A supernova erupts in a distant spiral galaxy. Fora few 
months a dying massive Star shines out with the hight of 
millions of Suns before dwindling to a feeble flicker. 

In the final long exposure photograph we See the 
galaxy clearly, but the star that exploded has 

faded from view. 


flash of radio waves on each rotation. This type of neutron 
star is called a pulsar. A neutron star will not form without 
first causing a stupendous explosion. Inits last few seconds 
a dying star may flare up as a supernova. For a few days It 
outshines entire galaxies. The central part of the super- 
nova forms a neutron star. 

A supernova seen in AD 1054 1s now known to have 
made the famous Crab Nebula. At the heart of the cloud 
there is a pulsar which spins thirty times per second. 

It is not possible for neutron stars to be greater than two 
Sun masses. A dying star of ten Sun masses, for example, 
suffers so badly from the gravity it generates that no force 
is large enough to withstand the collapse. When a star like 
this has shrunk to a couple of kilometers, its gravity 1s so 
huge that the escape velocity is greater than the velocity 
of light. Anything—rockets, particles, light, or radio 
signals—trying to escape cannot do so. Gravity 1s so 
strong that it drags everything back to the star. As far as we . 
are concerned, the star has become a black hole. We 
Cannot see it because no hght can escape from it. 

Black holes can be detected in space because their mass 


continues to attract other matter. So a black hole orbiting 
another star has a drastic effect. In fact, X-ray telescopes 

have detected rays from gas that is rushing down blacl WVi1tfil? 
holes. Once the matter has fallen down one of these cosmic neutron 
whirlpools, it appears to vanish from our Universe, neutro! 


although we can still feel its gravitational pull hundred } 





Although the stars in the night sky look close together, 
they are really separated by immense stretches of space. 
Most of the gaps between the stars look dark, but space is 
not in fact completely empty. There are atoms of gas and 
particles of dust floating throughout space. This matter 
creates a thin haze that dims the light from distant stars. 
Astronomers call the space dust and gas interstellar matter. 
Itis much thinner than our air. A cup of air contains around 
a thousand million million million atoms, but a cup of the 
stuff in deep space would contain only five hundred atoms! 

In places the gas and dust have collected together, or 
been swept up by gravity, to form thicker clouds. Many of 
these clouds are so thick that they completely shut off the 
light from stars behind them. Ona crystal clear night, when 
the Milky Way stands out, you can see dusty clouds that 
make dark patches where they break up the band of 
silvery light. 

Besides the dark dust clouds, there are also glowing 
clouds of gas that emit pinkish hght. These are among the 
most beautiful objects in the sky, and include the Carina 
Nebula and the Orion Nebula. Nebula derives from the 
Latin word for cloud and it has the plural form nebulae. 
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The Doradus Nebula lies 1n the Large 
Magellanic Cloud, a star family just 
beyond the Milky Way. This nebula 1 
larger than any in the Milky Way 





In winter, Orion the Hunter is one of the easiest star there are other nebulae that act as cosmic mirror: 
groups to recognize. Just below the row of three stars that flecting the visible light from stars that are near to l 
make up his belt there is a fuzzy patch of light. This is the An exciting discovery about the gas clouds ol space 
Great Nebula in Orion, one of the few that can be spotted that new stars are being made inside them all the tim 
without a telescope. Field glasses or a small telescope will Astronomers have actually seen new stars turn on insiat 
show you that it glows with a soft greenish light. the Orion Nebula. A new star begins when particles Ol ga 

When gases are made to glow, each different gas gives and dust collect together into a huge ball. Th 
out light of a different color. Everyone has seen the orange gravity squeezes the ball tighter and tight 
colored neon lights used in advertising signs; in Europe same time it gets hotter and hotter. Eventi 
sodium lights are used to illuminate main highways. Neon hot enough to start the nuclear reaction 
is a gas that glows orange when an electric current is continues to shine of its own accord. In 
passed through it. Sodium lights look yellow. to a lifetime of being an ordinary star, spend 

In color photographs the shining nebulae of space its time in an existence simuar to our sun 
usually look pinkish or purphsh. Most of the gas 1n space In the Milky Way—the great family of sta 
is hydrogen and the bright stars inside the nebulae Sun belongs—about nine-t 
cause the hydrogen to glow ina similar way to neon. Hot formed into stars. The othe) e-tentn 1 
Stars give out invisible ultraviolet rays which make th: spread out Detween the Stal 
hydrogen gas shine with the beautiful pink-red light when ‘tars are being created. 1 


the rays travel through it. As well as these bright clouds yrouped into Open C1ust L] 








Dust Clouds and Lite 


Dark patches cut through the silvery haze of the Milky Way; 
they are enormous clouds of space dust and cold gas. Sur- 
prisingly, perhaps, space is a dusty place. Between the 
Stars lhies a sprinkling of sand, grit and soot. When we look 
at the stars near to the Sun, the space dust is not noticeable. 
But stars far away, more than a thousand light years of dis- 
tance, shine with a reddish hue. You've noticed how our 
Sun looks very red when it is close to the horizon: that is 
because its hght 1s passing through murky layers in our 
atmosphere. Similarly, when starlight has to travel through 
hundreds of light years of interstellar dust 1t gets redder in 
directions where the dust is particularly thick. Stars tens 
of thousands of light years away can scarcely be seen 
even through large telescopes. We cannot see deep into 
the heart of the Milky Way for this reason. 

sometimes the dust collects together with gas and forms 
a dark nebula, that is a cloud in space which emits no light. 
he most famous examples of this are The Coalsack, an 
istonishingly black void in the southern Milky Way, and 
the superbly-shaped Horsehead Nebula in Orion. In the 


f 


Horsehead Nebula, the dramatic horsehead is silhouetted 


igainst a flood of light reflected by another nebula. 
Within the Orion Nebula there is a large dust cloud that 
mits radio waves. Similar dust clouds occur in the con 





Sstellation Sagittarius, towards the central section of the 
Milky Way. Radio astronomers have discovered that many 
of the signals from these dust clouds are caused by mole- 
cules. The detection of certain radio signals from the 
clouds tells us which molecules are in the clouds. 

Over thirty different types of molecule are present in 
thick dust clouds.Some are simple substances, for example, 
carbon monoxide, which is made of carbon and oxygen. 
Others are more complicated, being made of several 
atoms; formic acid is an example—on Earth it is the sub- 
stance that puts the sting in nettles and bees! 

All life on the Earth is based on the structure of one huge 
molecule, named DNA. The molecule carries in code form 
instructions on how to duplicate itself. The molecular 
assembly line uses simpler componenis, such as sugar and 
protein, to build up DNA. These substances can be manu- 
factured from even simpler molecules. In the dust clouds 
of space the simplest molecules needed to start the 
assembly of the complex substances exist in great pre 
fusion. Perhaps the first hving things on Earth grew from 
these elementary molecules. It 1s within the densest 
clouds that new stars and planets are born. When th 
Earth first condensed it may have been enriched with life 
molecules from a cosmic dust cloud 


The Horsehead Nebula in the 
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The Milky Way 


Ona clear dark night stars spangle the sky, looking near 
enough to touch. In fact, most of the stars visible to the 
naked eye are within a thousand light years. Apart from 
the twinkling stars, a faint band of light called the Milky 
Way stretches across the heavens. This silvery haze of 
light is tens of thousands of light years away. With field 
glasses, or a small telescope, the Milky Way is revealed as 
a dense crowd of countless thousands of faint stars. Within 
the band of the Milky Way, the combined light of millions 
of remote stars is just sufficient to register in our eyes. 

Away from the direction of the Milky Way there are far 
fewer faint stars so that no misty glow is detectable. 

since the Milky Way forms a cornplete circle round the 
heavens, parts of it are visible from everywhere on Earth. 
Among the main constellations through which it passes are 
Cassiopeia, Perseus, Auriga, Monoceros, Vela, Crux, 
Scorpius, Sagittarius, Aquarius, and Cygnus. The richest 
star fields he in the southern Milky Way, forming a splen- 
lid sight in Australasia and southern Africa. For northern 
o9Dbservers, the Milky Way is at its finest late on summer 
evenings when Cygnus, the Swan, is overhead. 

But what precisely is the Milky Way? In fact, it is our 
view, from the inside, of the great starry Galaxy that we 
live in. Our Galaxy has perhaps one hundred billion stars 

together, and because we live inside it is not easy to 
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visualize the shape directly. In fact, the Milky Way Galaxy 
Is a gigantic pinwheel with two starry arms that wind 
round the central part several times. The distance across 
our Galaxy is 100,000 light years. From Earth it takes 
30,000 light years for a radio message to travel to the 
center of the Galaxy. And to countall the stars, one by one, 
would take a thousand years at the rate of three each 
secénd. 

The brightest part of the Milky Way is in Sagittarius, and 
from this region radio and infrared telescopes detect 
strong signals. At the chaotic center of the Galaxy there 
may be a huge black hole, somewhere in the direction of 
Sagittarius, that is busily gobbling up stars and planets that 
drift in too close! 

Our Galaxy is rotating round its central regions, but it 
does not turn likea solid wheel. Stars near the centre make 
one orbit in only a few million years, and yet out near oul 
oun a single circuit takes 250 million years. Since its for- 
mation, the Sun has only managed twenty round trips, and 
Since People have appeared on Earth the Sun has made 
less than one-hundredth ofa galactic orbit. 

The slow wheeling of our Galaxy, with the inner sections 
continually overtaking and lapping the outskirts, means 
that the stars themselves are steadily drifting about the 
sky. Within a few thousand years the constellations will 
look different as a result of this restless starry movement 
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The Galaxies 


Our own Galaxy is huge, but beyond it stretches a whole 
Universe that 1s unimaginably vast. Throughout this space 
there are scattered countless millions of other galaxies, 
some like our Milky Way system, and others completely 
different. Just as the Sun is only one among the myriads of 
ordinary Stars, so our Galaxy is just one ordinary member 
of the universal family of millions of galaxies. 

Astronomers did not even realize that there were 
galaxies outside the Milky Way until two centuries ago, 
when William Herschel made his famous survey of the 
sky. His telescopes kept bringing misty nebulae into view. 
some of these, Herschel reasoned, must be Island Uni- 
verses, far outside our own system of stars. In the early 
twentieth century careful studies of variable stars con- 
firmed Herschel’s ideas. Even the nearest galaxies are 
millions of light years distant from us. 

Galaxies come in all shapes and sizes. Mostly they are 
elther spiral, hike the Milky Way Galaxy, or elliptical, 
something like a lemon. A small proportion is irregular in 
shape; these misfits seem to have been disturbed in some 
vay. [he number of stars within a galaxy may vary froma 
few hundred million up to perhaps a million million in a 
giant elliptical galaxy. The Milky Way is a large galaxy 


both as regards size and number of stars. 
At one time it was thought that elliptical galaxies 
jradually became flatter and then sprouted spiral arms. 
Inis is completely wrong: there are two main types of 
7 that are made in different ways and neither kind 
lf int nething else! 


Galaxies come in many 
shapes and sizes. All of 
them are thousands Of light 
years 1n diameter and they 
contain millions of stars. 





Apart from visible stars, the spiral galaxies also contain 
gas and dust. When a spiral is turned edgewise towards 
us, aS some of them are, dense clouds of dust can be seen 
in the spiral arms. Elliptical galaxies don’t have much gas: 
it has either all turned into stars by now or was blown away 
when the galaxies first formed twelve thousand million 
years ago. 

The two nearest galaxies are the Large and Small 
Magellanic Clouds, named in honor of the great naviga- 





tor Ferdinand Magellan, who noticed them during his 
round-the-world voyage. They can be seen from the 
southerm hemisphere as large hazes of light. Both of these 
irregular clouds of stars are dwarf galaxies 175,000 light 
years from us. 

The great galaxy in the constellation of Andromeda is 
similar to the Milky Way Galaxy. It is about two million 
light years out in space and is the most remote object that 
you can see with your own eyes. Imagine, when you gaze 


at Andromeda you're seeing light that started its journey 
to you before people walked the Earth! Yet our telescopes 
can now photograph galaxies that are three thousand 
million light years distant. Suppose we tried to send a 
radio message to creatures in these far-off galaxies. It 
would take six thousand million years for the message to 
arrive and for us to receive the reply. Clearly we shall 
never be able to converse with other galaxies. All we can 
do is look, hsten, and wonder. 


The galaxy M83 in the constellation 
Hydra isaspiral which faces u 

wide ey@ ley 9) Brilhant vound stal 
glowing gas clouds stand ou 
gleaming jewels in th 








Clusters 


of Galaxies 


The spiral galaxies of Andromeda and Triangulum are 
two members of a local family of galaxies. Other members 
are the Milky Way and the Magellanic Clouds. About fifty 
close neighbors of the Milky Way are visible through 
telescopes. This local family of galaxies lives in a sector of 
the Universe that measures about ten million light years 
from end to end. Astronomers call a crowd of galaxies 
grouped together in this way a cluster of galaxies. These 
clusters of galaxies are the largest single entities in the 
Universe. 

Within our own local group of galaxies the members 
are loosely attached by the force of gravity. To venture 
beyond our corner of the Universe, an immense empty 
gulf must be crossed before the next great cluster is 
reached at a distance of fifty million light years. And 
beyond this, Schmidt telescopes have photographed more 
and more clusters of galaxies, growing ever fainter with 


increasing distance. 





towns and villages. This would give the general picture a 
lot faster than if you laboriously mapped out the location of 
every house and office block. Similarly, astronomers in 
working out the map of our great Universe find it's sensible 
to concentrate on the huge Starry citles—the giant galaxies 
and huge clusters. By measuring their sizes and distances, 
astronomers hope to find out what kind of Universe we 
inhabit. A sure answer to this research 1s not yet known. 

An intriguing problem of the clusters of galaxies 1s this 
how much mass do they contain? By seeing how the 
galaxies are moving inside a cluster, scientists can deduce 
how much material the cluster must contain. Usually this 
comes out to a lot more matter than 1s visible as ordinary 
galaxies. However, X-ray telescopes have found that 
clusters contain an exceedingly hot gas that is invisible in 
optical telescopes. This X-ray gas may account for the 
‘‘missing'' material in great clusters. The density of this 
gas is very tiny—less than one atom per cubic meter—and 
yet a cluster 1s so enormous that all the gas atoms put 
together weigh more than the galaxies! 








Animpression of what our own family 
of galaxies might look like if viewed 
through a telescope located in the next 
nearest cluster. Three spiral galaxies, 
the Milky Way Galaxy, Andromeda 
and Triangulum, dominate the scene. 
A host ofsmaller galaxies keeps these ‘ 
giants company. = 
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Far out in the Universe, entire galaxies are exploding. As 
the center of a galaxy tears itself to shreds, stars are 
destroyed in a flash. In certain galaxies, the brilliant light 
from the explosion is all we see. The starlight is insignifi- 
cant compared to the grandeur of a galactic catastrophe. 

Radio astronomers made the first discoveries of explod- 
Ing galaxies over thirty years ago. They found a strong 
emitter of radio waves, as bright as the radio waves from 
Our Sun, In the constellation of Centaurus. Detective work 
showed that the radio waves were coming from a huge 
galaxy twelve million hght years away. On each side of 
this galaxy there are two clouds of electrically charged 
particles. These particles crash through a magnetic field 
and emit strong radio signals as they do so. Each radio 
cloud is far bigger than our Galaxy. The highly energetic 
clouds were probably thrown out of the Centaurus galaxy 
in an explosion. 





Radio-emitting galaxies shine out like beacons in the A small cluster of galaxies locked 
remote parts of the Universe. In fact, radio telescopes together by gravity. Large forces have 
letect the strongest radio galaxies at distances that are distorted the galaxy shapes. 


well beyond the reach of present optical telescopes. 
Studies of the visible light sent out by the nearer radio 
yalaxies connrm the idea that they have turbulent central 
regions, rocked by explosions. 

What kind of energy is powering these astonishing 
jalaxies? After thirty years of thought we have an 
of what's happening. Somehow an immense blacl 

millions of times bigger than the Sun, is formed. 
t iy stars, planets, and gas, gets sucked 
id is partly changed into energy. The 
ry released is great enough to make the central 
rtunate galaxy burst to pieces, sending 

ir beyond the galaxy 
jalaxies, astronomers Nav: 
rmoil between the galaxies 


Galaxy M82. 





f 4 
inked by the force of 
jet Ked together in In the constellation of Ursa Major, there is a very 
p their spiral arms to shreds strange galaxy named M&g2. This object consists almost 
) ret stranded in entirely of billowing clouds of hydrogen gas that hav 
} M imped the stars ina flood of pink light. Galaxy M82 ma 
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Centaurus A isa beautiful radio galaxy 
in southern skies. Itis circled by a band 
of thick dust. Outside this galaxy 

there are two stupendous and invisible 
clouds that act as strong transmitters of 
radio waves. Perhaps Centaurus A 1s 
powered bya black hole millions of 
times more massive than our Sun. 


Galaxy Pers 
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The Quasar Mystery 


When observers followed up the discovery of powerful 
radio galaxies they stumbled across a mystery. Some of 
the sources of radio waves could not be matched to visible 
galaxies. Instead, the optical telescopes detected a tiny 
point of light in the locations of some radio sources. 
Although these objects looked like stars at first glance, 
spectra showed that these ‘‘radio stars’ were far stranger 
than any star within our Galaxy. The spectra of the star- 
like radio sources indicated that they are located at 
exceedingly great distances, thousands of millions of 
hight years from Earth. 

These intriguing and distant objects became known as 
quasars, an abbreviation of their original name ‘‘quasi- 
stellar radio source’. The main properties of a powerful 
quasar are these: it sends out a great flood of light, as 
much as a hundred gnant galaxies; this energy flows from 
a region of the quasar that is much smaller than a galaxy, 
which is why a quasar looks as tiny as a star on a photo 
jraph; the spectrum shows that a quasar is thousands of 
m of hght years away. Many quasars, but not all, 
send us radio waves; a few emit infrared, ultraviolet and 


ime are the turthest objects ever seen. Ihe light 
f them was halfway here before the Sun and 
Earth came into existence. In fact, the remotest 


quasars lie about nine-tenths of the way to the limits of the 
observable Universe. The light from these far-off objects 
has travelled to us almost from the beginning of time 

As far as we can tell, the powerhouse in a quasar is not 
very much larger than our solar system. Certainly the 
distance from here to the nearest star would be big enough 
to hold the power station in many quasars. Yet within this 
small volume, the quasar pours out as much light as a 
mullion million stars. How can it do so? 

The quasar mystery is to find the source of the energ 
Probably a gigantic black hole lives in the center of the 
quasar. Matter falling into the hole releases the energy 
that we can see. Only by this means can enough energy be 
made. Exploding stars and nuclear holocausts are not 
nearly powerful enough to keep a quasar burning. Only 
gravity, the force that ult:mately controls the Universe 
can unlock the vast energy supply that a quasar needs 

Many of the quasars were formed early on in the past 
history of the Universe. We see them today not as they ar 
“now but as they appeared long long ago. By now they 
will have burned out and possibly transformed themselv 
into normal galaxies. If this idea is indeed true, perhaps 
some of the galaxies near to us, or even the familia 


Milky Way, are in fact dead quasars 
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outer rad1o source 
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quasar and central radio source 


| | outer radio source 


100,000 light years 


The radio waves froma quasar occupy 
a huge volume of space that surrounds 
atiny point of light. Quasars are the 
most powertul radiators of energy 
known to science. 


Eventually a quasar must run out of 
energy, after its central black hole has 
eaten all the stars within easy reach! 
Perhaps then it settles down to become 
an ordinary galaxy. 





Here 1s a quasar thatapparently hes 
close to the lemon-shaped galaxy. 
Notice that the quasar looks like a Star 
(all the other images in this picture are 
Stars) rather thana galaxy. 
Measurements show, however, that 
the quasar is very much further away 
from us than the galaxy 1s. This quasar 
sends out as much light as dozens of 
galaxies. ltonly looks dimmer on the 
photograph because itis much further 
away from us than the galaxy. 











The Origin of the 


Universe 
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Ve live at the center of unbelievable immensity. In every 
direction teeming galaxies crowd the telescopes and 
radio signals flood in from the remotest quasars. We can 
nder how and when and where this all began. 

ry is the branch of astronomy which tells us 

about the properties of the Universe asa whole. Until a few 
years ago, this was a task that only brilliant mathematicians 
uld solve, using formulae and equations to deduce the 
nature of the Universe. Now the situation has changed. 
Many observations tell us about the Universe and its past 


Important discovery relates the distance of a galaxy 

to its observed speed. All the faraway objects are 
pparently racing away from our Galaxy. The furthest 
ire moving fastest. At a distance of one thousand 

sht years the galaxies are rushing out at one 

sht. some of the quasars are galloping 


th s} is, shows that the Universe 1s expanding. If w 
th the speeding galaxies, we find that 
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what happened before then. Perhaps our Universe 
emerged from the collapse of an earlier Universe, but we 
can never know for certain if this is the case. Our Earth 
Moon and Sun have existed for little more than one third of 
the time since the origin of the Universe. The birth of 
civilization, the foundation.of towns and the organization of 
human society have taken up less than one millionth of the 
age of the Universe. What will mankind accomplish in the 
next millionth ? Can the nearest stars be colonized ? 

In ten thousand years time there might be human 
colonies round local stars. But it is hard to imagine how the 
Universe itself can be colonized. Telescopes have already 
detected quasars which are ten thousand million light 
years away. Billions of galaxies sprawl] through the 
Universe, most of them billions of hght years from us. The 
sheer size of our Cosmos 1S a great barrier t mmuni 
tion and travel. We can only learn about t U 
large distances and early times | 7 
galaxies and flaring quasars. That is part of the ageless 
fascination of astronomy, the oldest of the sciences, nov 
passing ihrougn one o! the most exciting « 
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How did the universe begin ? Where do stars come from ? 

What are black holes, quasars, exploding galaxies, 

and X-ray emitters ? In rapid and spectacular developments in 
the last twenty years, scientists have been learning the answers 
to these and other fascinating questions about astronomy and the 
story of the universe. 

' Now the Prentice-Hall Concise Book of Astronomy provides 
the exciting results of modern astronomers’ research and 
discovery, and explains clearly the basic physical and 
mathematical concepts that make astronomy such an intriguing 
subject. Complete with the latest space photographs and 
specially drawn diagrams, this introduction to astronomy will 
fascinate everyone, whatever their age, who has ever looked 
upon a Star. 
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